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USSR Space L i f e  Sc iences  Digest: Number 9 Reader Feedback Form 

To o u r  readers: 
t e c h n i c a l ,  s p e c i a l i z e d  areas f o r  which adequate Russian-English 
g l o s s a r i e s  have y e t  t o  be compiled. We ask your he lp  i n  
improving t h e  accuracy and s p e c i f i c i t y  o r  our English terminology. 
Please f i l l  ou t  t h e  form below whenever you encounter an  
incomprehensible,  incongruous, awkward or o the rwise  i n a p p r o p r i a t e  
term. 
the  s t a t emen t  t h a t  a term is i nappropr i a t e  provides  us w i t h  
u s e f u l  in format ion ,  even when no b e t t e r  a l t e r n a t i v e  can be 
suggested. A copy of t h i s  form w i l l  appear i n  a l l  f u t u r e  i s s u e s  
of t h e  Digest. Thank you for  your help. 

We are working i n  a large number of h ighly  
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FROM THE EDITORS 

This  i s  t h e  n i n t h  issue of the  USSR Space Life Sc iences  Digest. To date w e  
have received over 150 responses t o  our second reader survey. We are 
g r a t i f i e d  both by t h e  l e v e l  of response and the g e n e r a l l y  p o s i t i v e  
eva lua t ion  of our publication. On t h e  basis of reader responses,  w e  are 
r e t a i n i n g  a l l  Digest f e a t u r e s ,  but w i l l  raise our  c r i t e r i o n  as t o  whether a 
published in t e rv i ew,  book foreword o r  chapter ,  o r  book rev iew w a r r a n t s  
i n c l u s i o n  i n  a Digest i ssue .  Although the  m a j o r i t y  of readers responding 
t o  our  survey had no compla in ts  about Digest r e a d a b i l i t y ,  approximately a 
t h i r d  cited minor problems w i t h  t e c h n i c a l  terms, and a handful referred t o  
major problems. We aga in  urge our readers t o  use the  feedback form 
included i n  every  Digest i s s u e  t o  c o r r e c t  our terminology, p a r t i c u l a r l y  i f  
our  misuse of a t e c h n i c a l  term is repeated. 

The almost complete absence of book abstracts  i n  the  c u r r e n t  Digest issue 
reflects the pauci ty  of r e l e v a n t  a v a i l a b l e  material, rather than  a change 
of policy. Readers who would l i k e  t o  see a table o r  f i g u r e  the  t i t l e  of 
which i s  c i t e d  i n  t h e  Digest are i n v i t e d  t o  write t o  us. An index  has  been 
prepared o f  Digest i s s u e s  5-9 and should reach those  on our  d i s t r i b u t i o n  
list shor t ly .  

Please address correspondence to :  

D r .  Lydia Razran Hooke 
Management and Technical S e r v i c e s  Company 
600 Maryland Ave. SW 
S u i t e  209, West Wing 
Washington, DC 20024 
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(See also: B io log ica l  Rhythms: M97; Human Performance: P263; Life Support 
Systems: P397) 

PAPERS: 

P403 9/86) Khitrov NK, Toloknov AV, Bol'shakova TD, Vinnitskaya KB, 
Panteleymonov VA. 
Mechanisms of adaptation to physical exertion and the effect of excess 
c% Con its for1uation.1 
Byulleten '  Eksperimental 'noy B io log i i  i Meditsiny. 

[11  r e fe rences ;  2 i n  Engl ish]  
A f f i l i a t i o n :  I. M. Sechenov Medical I n s t i t u t e  of Moscow, (Departments of 
Pathophysiology and Problems of Laboratory Biochemistry of Tissue 
Hormones ) 

CI(6) :  655-658; 1986. 

Adaptation; Cardiovascular  System; Endocrinology, Norepinephrine; 

Rats, Male 
Physical  Exerc ise ,  Maximum Exercise Capacity, Training;  Hypercapnia 

Neurophysiology, Acetylchol ine 

Abstract:  I n  t h i s  experiment,  whi te  male r a t s  were compelled t o  s w i m  
ca r ry ing  weights equal t o  7.5% of  t h e i r  body weights once a day f o r  6 days  
a week, over t h e  course of 3 months. Water tempera ture  was 32OC. I n  t h e  
i n i t i a l  week of adapta t ion ,  weights were not used and du ra t ion  of swimming 
was g radua l ly  increased  from 5 t o  30 minutes. After t h e  i n i t i a l  week the  
rats' maximum work capac i ty  was measured every month by de termining  how 
long they  could s w i m  w i t h  the weight. 
of swimming increased  from 10 t o  50%. D u r i n g  t h e  second month, i t  f u r t h e r  
increased  from 30 t o  605, and dur ing  the t h i r d  month du ra t ion  inc reased  
from 50 to  60%. 
2 w i t h  a hypercapnic atmosphere (3.9% CO$. 
f o r  6 days a week over 3 months i n  t h i s  same atmosphere; Group 4 was an 
unt rea ted  control .  The an imals  were examined after the  first, second and 
t h i r d  months of t r a i n i n g ,  20-24 hours a f t e r  completion of t h e  previous 
s w i m m i n g  s e s s i o n  While t he  an imals  were anes the t i zed ,  s y s t o l i c  p re s su re  
i n  t h e  l e f t  v e n t r i c l e  was measured, as was its maximum inc rease  and 
decrease when the  a o r t a  was occluded for  30 seconds. Heart rate was a l s o  
measured. To eva lua te  sympathet ic  and parasympathetic e f f e c t s  of t he  
procedure, exper imenters  measured changes i n  s y s t o l i c  pressure i n  response 
t o  i n j e c t i o n  of norepinephrine,  and 
i n j e c t i o n  of a c e t y l c h o l i n e  i n  t he  l e f t  jugular  v e i n  
norepinephrine i n  the l e f t  v e n t r i c l e ,  and of ace ty l cho l ine  i n  t h e  tissue of 
t h e  a u r i c l e s  was measured. 

During t h e  first month, the  du ra t ion  

Group 1 w a s  t r a i n e d  w i t h  normal C02 l e v e l  (0.7%) and Group 
Group 3 spen t  30 minutes  a day 

changes i n  heart rate i n  response t o  
Concentration of 
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Training in t h e  hypercapnic atmosphere s u b s t a n t i a l l y  accelerated t h e  
inc rease  i n  work capac i ty  du r ing  t h e  first two months. However, d u r i n g  t h e  
t h i r d  month, work c a p a c i t y  o f  hypercapnic t r a i n e d  rats decreased s l i g h t l y ,  
wh i l e  that of t h e  an ima l s  t r a i n e d  i n  a normal atmosphere continued t o  
increase.  Maximum s y s t o l i c  p r e s s u r e  i n  t h e  l e f t  v e n t r i c l e  under occ lus ion  
of the  a o r t a  i nc reased  i n  the  hypercapnic rats i n  the  second month, bu t  
on ly  i n  t h e  t h i r d  month in rats b rea th ing  normal air. Decreases i n  heart 
rate and increases i n  heart s ize  occurred  i n  t h e  normal rats dur ing  the  
t h i r d  month and t h e  hypercapnic ra ts  dur ing  t h e  second month of t r a in ing .  
S e n s i t i v i t y  of t he  pacemaker t o  a c e t y l c h o l i n e  was inc reased  by t h e  t r a i n i n g  
procedure; again,  these effects occurred  i n  month 3 under normal and month 
2 under hypercapnic conditions.  After 3 months of t r a i n i n g  i n  normal air, 
s t a b i l i t y  of the  l e v e l  of norepinephr ine  i n  t h e  l e f t  v e n t r i c l e  after 
strenuous phys ica l  a c t i v i t y  inc reased ,  w h i l e  r e s t i n g  l e v e l  was unchanged, 
and t h e  i n o t r o p i c  effect was enhanced. When t r a i n i n g  occurred under 
hypercapnic condi t ions ,  the r e s t i n g  concen t r a t ion  of norepinephr ine  
decreased after 2 months, w h i l e  concen t r a t ion  after phys ica l  e x e r t i o n  
increased. These changes pe r s i s t ed  after t h e  t h i r d  month, but the  
r e a c t i v i t y  of t h e  myocardia of t he  l e f t  v e n t r i c l e  t o  ep inephr ine  increased. 
The au thors  exp la in  t h e  f a c i l i t a t i v e  effect of hypercapnia e a r l y  i n  
t r a i n i n g  w i t h  r e fe rence  to  t h e  fact t h a t  C02 and HC03- i n c r e a s e  the  
e x c i t a t o r y  effects of phys i ca l  t r a i n i n g  on c i r c u l a t i o n  and poss ib ly  also 
op t imize  t h e  l i n k a g e  between t h e  r e s p i r a t o r y  and hemodynamic sys tems i n  t h e  
lungs. 
assoc ia ted  w i t h  decrease i n  r e a c t i o n s  t o  C02 because of a decrease i n  t h e  
s e n s i t i v i t y  of specialized hemoreceptors, and decrease i n  t he  rate of 
growth of pC02 and l e v e l  of HC03- r e s u l t i n g  from enhanced u t i l i z a t i o n  by 
t h e  tissues. Attenuation of t h e  t h e  induc t ion  effect and i n c r e a s e  i n  the  
metabolic effect  of hypercapnia are accompanied by a decrease i n  t h e  
concent ra t ion  and s t a b i l i t y  of a c e t y l c h o l i n e  i n  t h e  heart, and also i n  the  
r e a c t i v i t y  of the myocardium t o  choline. Increased  pyruvate  ca rboxy la t ion  
i n  t h e  cho l ine rg ic  neurons leads t o  a decrease i n  t h e i r  fo rma t ion  of 
acetyl-coA, and t o  a weakening of a c e t y l c h o l i n e  synthes is .  Anions of HC03- 
i n h i b i t  the pentose cycle,  caus ing  a decrease i n  i n t r a c e l l u l a r  K+ and a 
weakening of t h e  hype rpo la r i z ing  effects o f  a c e t y l c h o l i n e  on the  cel ls  of 
t h e  card iac  pacemaker. A l l  t h i s  t ends  t o  decrease parasympathetic effects, 
w h i l e  i n d i c a t o r s  of sympathet ic  r e g u l a t i o n  of t h e  heart, a long  w i t h  t h e  
func t iona l  capacity and weight  of the  myocardia, remain a t  t h e  l e v e l s  o f  
maximal t r a i n i n g  effects. These changes are hypothesized t o  lead t o  
inadequate long-term r e t e n t i o n  of cardiac s t i m u l a t i n g  effects after 
cessation o f  t r a i n i n g ,  possibly l e a d i n g  t o  decreased work capacity. 
moderate concen t r a t ions  is recommended for  u s e  i n  a c c e l e r a t i n g  a d a p t a t i o n  
t o  physical  e x e r t i o n  i n  t h e  early stages of t r a in ing .  

The f a i l u r e  of t h i s  f a c i l i t a t i o n  t o  persist l a t e  i n  t r a i n i n g  is 

C02 i n  
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Table: The e f f e c t  of excess  co2 i n  t he  atmosphere on parameters of rats' 
ca rd iac  a c t i v i t y  dur ing  t r a i n i n g  [AO=occlusion of t h e  a o r t a ]  

Concentrat ion Tra in ing  Heart rate I n i t i a l  Max SBP Max. SBP Drop i n  
% Duration, a t  rest, SBP, a t  A0 by 30 sec.  Max. SBP 

Months per min. mm HG A0 by 30 sec 
A0 

Control  -- 363 1 
(27) 

0.7 (normal 1 370 94 
atmosphere) (10) 

2 357 06 
(1 1 )  

(8) 
3 308.5* 

3.9 (hyper- 1 369.6 
capnia)  ( 1 1 )  

( 1 1 )  

(8) 

2 324.7* 

3 300.8* 

88.8 
(29) 
89.4 
(8) 
82.9 
(10) 
85.2 
(6) 
93.5 
(8) 
91 .o 
(10) 
83 .O 
(6) 

+82.6 
(29) 
+81.8 
(8) 
+88 .O 
(10) 
+83 3 
(6) 
+79 07 
(8) 

+83 .O 
(10) 

+85.8 
(6) 

+64 .O 
(29) 
+67.6 
(8) 
+74.4 
(10) 
+73.7 
(6) 
43.2 
(8) 
+75.1 
(10) 
+74.6 
(6) 

-18.6 
(29) 
-14.2 
(8) 
-13.6 
(10) 
-9.6* 
(6) 
-16 -5 
(8) 
-7.9' 
(10) 
-11.2 
(6) 

Numbers i n  parentheses  refer t o  number of observa t ion ;  +/- refer t o  
presence o r  absence of occ lus ion  of the aor ta ;  * - d i f f e r e n c e  from c o n t r o l  
s i g n i f i c a n t ,  p < 0.05 
Figure  1: Change i n  maximal work capacity of rats during t r a i n i n g  

Figure  2: Concentrat ion of ace ty l cho l ine  i n  a u r i c u l a r  t i s s u e s  and amount 
of decrease i n  heart rate i n  response t o  ace ty l cho l ine  i n  con t ro l  rats and 
rats t r a i n e d  f o r  2 or 3 months 

F igure  3: Concentrat ion of norepinephrine i n  t h e  t i s s u e  of t h e  l e f t  v e n t r i c l e  
and degree of i n c r e a s e  i n  systol ic  blood pressure i n  response t o  
norepinephrine i n  con t ro l  rats and r a t s  t r a ined  f o r  2 or 3 months 

3 
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BOOK REVIEW: 

BR1 O (  9/86) Isabayeva VA, Slonim AD. 
Review of: Nespets i f icheskiye  Mekhanizmy Adapts i i  Cheloveka 
[Won-specific rechanisam of humau adaptation]. 
Leningrad: Nauka; 1984, 146 pages. 
Fiziologiya Cheloveka. 
12( 4): 695-696; 1986. 

Key Words: Adaptation, Human, Long- term, General; Hematology, Leukocytes; 
Bio logica l  Rhythms, 

Review: The problem of s p e c i f i c  and nonspec i f ic  mechanisms occupies  an 
important  place i n  c u r r e n t  ideas about the adap ta t ion  of an imals  t o  extreme 
f a c t o r s  i n  the n a t u r a l  environment. For t h i s  reason,  t h i s  monograph by 
I.A. Sapov and V . S  Novikov, which cons iders  nonspec i f ic  hematological  
changes i n  human adap ta t ion  t o  cond i t ions  i n  t h e  far north,  is of undoubted 
i n t e r e s t .  

Th i s  book presen t s  a phi losophica l  t r ea tmen t  of gene ra l  a spec t s  of human 
a d a p t a t i o n  
"organism -- environment system." However, t h i s  is not  t h e  s o l e  reason  f o r  
the  importance of the  book. The au tho r s  begin by hypothesizing t h a t  t he  
leukocyte  sys t em is ins t rumen ta l  i n  t h e  defense mechanisms of the  body, 
which act t o  maintain gene ra l  homeostasis. With t h i s  i n  mind, they  s tud ied  
t h e  cellular mechanisms of homeostasis i n  hea l thy  and s i c k  i n d i v i d u a l s  i n  
t he  far north. 

The focus  is on homeostat ic  r egu la to ry  i n t e r a c t i o n s  i n  the  

Analysis of a great deal of empi r i ca l  material has allowed t h e  au tho r s  t o  
desc r ibe  the p r i n c i p l e s  underlying changes i n  and causes of t he  weakening 
of nonspecif ic  p ro tec t ion  of an organism exposed t o  extreme condi t ions ,  
and t o  demonstrate t h a t  nonspec i f ic  adap t ive  r e a c t i o n s  reflect gene ra l  
p r i n c i p l e s  of adapta t ion  and may se rve  as i n d i c a t o r s  of its ef fec t iveness .  

Many authors  advocate eva lua t ion  of t h e  adapt ive  process  based on ly  on 
changes i n  t h e  q u a n t i t y  of red blood c e l l s .  However, t h i s  does not  permi t  
s p e c i f i c  assessment of t h e  amount of stress on the  adap t ive  c a p a c i t i e s  of 
t h e  organism, and cannot s e rve  as  a c r i t e r i o n  for  d i f f e r e n t i a l  d i agnos i s  of 
p r e c l i n i c a l  states. I n  t h e  view of the  au tho r s  of t h i s  monograph, it is 
p r e c i s e l y  t h e  na tu re  of t he  q u a n t i t a t i v e  and q u a l i t a t i v e  connect ions i n  a 
r e l a t i v e l y  closed phys io logica l  system which makes the  d i agnos i s  of i t s  
func t iona l  s t a t e  possible. Experience has shown t h a t  parameters of 
c e l l u l a r  aspec ts  of nonspec i f ic  p ro tec t ion  (Le., those  r e f l e c t i n g  t h e  
morphology and func t ion  of the leukocyte  system), changes i n  which reflect 
degree of stress a t  va r ious  stages of adapta t ion ,  can act as o b j e c t i v e  
i n d i c a  t o r s  of p r e c l i n i c a l  st a t  es. 

The mater ia l  presented i n  t h e  monograph makes it possible t o  reexamine the 
r o l e  played by nonspec i f ic  s t r u c t u r e s  i n  human adap ta t ion  t o  extreme 
conditions.  The a n a l y s i s  performed shows t h a t  human adap ta t ion  t o  
condi t ions  i n  the extreme nor th  i s  achieved through major morphological and 
func t iona l  s h i f t s ;  and t h a t  the most adverse changes i n  p r o t e c t i v e  
s t r u c t u r e s  occur dur ing  the i n i t i a l  period, t he  du ra t ion  of which 
f l u c t u a t e s  a s  a func t ion  of time of year. The a u t h o r s  note  t h a t  dur ing  
t h i s  i n i t i a l  period there is a s u b s t a n t i a l  i n c r e a s e  i n  s u s c e p t i b i l i t y  t o  

4 
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disease e s p e c i a l l y  acute  r e s p i r a t o r y  infect ions.  These i n f e c t i o n s  are 
associated w i t h  suppress ion  of the c e l l u l a r  components of pro tec t ion ,  
p a r t i c u l a r l y  phagocytosis,  t he  l e v e l  of which can s e r v e  as an i n d i c a t o r  of 
r e s i s t a n c e  t o  bacterial in fec t ions .  This premise leads t o  a va luab le  
conclusion, viz., tha t  s tudy of v a r i a b i l i t y  i n  adap t ive  capac i ty  and 
adapt ive  r e a c t i o n s  belongs, t o  a great extent ,  i n  t h e  realm of pathology. 
Th i s  becomes c l e a r  when the mechanisms for  suppor t ing  homeostasis are 
i n s u f f i c i e n t  t o  completely balance the s h i f t s  which have occurred and 
cannot support  an  adequate adap t ive  reac t ion  i n  an organism exposed t o  new 
environmental  conditions.  
of r egu la to ry  and homeostat ic  processes ,  which occurs  dur ing  long-term 
adapta t ion ,  i s  evaluated as an outcome supporting the p ro tec t ion  of the  
systems of the  organism a t  a new metabolic leve l .  
not prev ious ly  cited i n  t h e  l i terature on t h e  r o l e  changes i n  t h e  
b io log ica l  rhythms of p r o t e c t i v e  systems play i n  adap t ive  mechanisms and 
p resen t s  an  ex tens ive  new a n a l y s i s  of c i rcadian  and noncircadian rhythms i n  
t h e  components of nonspec i f ic  p ro tec t ion  and of t h e  blood system. 

The r e l a t i v e  s t a b i l i z a t i o n  and synchroniza t ion  

The book p r e s e n t s  data 

Most of the  experimental  material c i t e d  i n  t h e  book is presented i n  f o u r  
chapters. O f  greatest i n t e r e s t  is t h e  mater ia l  and its i n t e r p r e t a t i o n  i n  
Chapters 111 and I V ,  which desc r ibe  the cyc l i c  changes i n  p r o t e c t i v e  
func t ions  of  t h e  organism and a number of adapt ive  r e a c t i o n s  i n  s a i l o r s  
dur ing  long-term c r u i s e s  i n  nor thern  seas. 

The au tho r s  devote s u b s t a n t i a l  a t t e n t i o n  t o  d i s o r d e r s  of adapta t ion ,  and 
pa thologica l  states. I n  t h i s  respect, the book compares favorably  w i t h  
many exper imenta l  and t h e o r e t i c a l  works on t h e  phys io log ica l  basis of human 
a d a p t a t i o n  The au tho r s  uphold the  view t h a t  adap t ive  disorders r e s u l t  
from o v e r s t r e s s i n g  t h e  mechanisms of nonspecif ic  pro tec t ion .  T h i s  seems 
open t o  ques t ion ,  s i n c e  exposure of an organism t o  extreme environmental  
f a c t o r s  leads t o  a number of s h i f t s  i n  the r e g u l a t o r y  phys io logica l  
homeostasis of the  effector systems, which have n o t  y e t  been adequately 
s tud ied  from t h e  s tandpoin t  of responses by the  nonspec i f i c  p r o t e c t i v e  
system. It must also be remembered t h a t  e f f e c t s  of e x t e r n a l  f a c t o r s  
themselves  vary over  t h e  course of a long-term cruise .  
doubts about the  authors' d i scuss ion  of physiological  r e s e r v e s  and 
b ioene rge t i c s  (pg. 124); however, t hese  ques t ions  could s e r v e  as t h e  topic 
for  a "round table" discussion.  

We a l s o  have some 

These remarks do not  d e t r a c t  from our  overa l l  p o s i t i v e  eva lua t ion  of t h i s  
work. 
adapta t ion"  i s  a major work making valuable t h e o r e t i c a l  as well as 
empirical c o n t r i b u t i o n s  t o  physiology and medicine. 

Sapov and Novikov's monograph "Nan-specific mechanisms of 

, 

The book can be used as a methodological handbook, or manual. 
ci ted w i t h i n  may be used for p red ic t ing  the  state of h e a l t h  ( e spec ia l ly ,  
longterm) of new and l i f e l o n g  r e s i d e n t s  of the North, and f o r  developing 
means t o  i n c r e a s e  human r e s i s t a n c e  i n  the po la r  r eg ions  of the  Earth. 

The data 

5 
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(See also: Adaptation: BR10; Cardiovascular  and Respi ra tory  Systems: P406) 

PAPER: 

P405(9/86) Kazin EM, E l ' b e r t  VE, Grishayeva V S ,  Shorin YuP. 
Diurnal and seasonal rhythms of physiological functions i n  
adrenalectomized rats. 
Problemy Endokrinologii .  

115 references;  2 i n  Engl ish]  
Authors' a f f i l i a t i o n :  Kemerov Univers i ty  (Department of Human Physiology 
and Anatomy); I n s t i t u t e  of C l i n i c a l  Experimental  Medicine (Endocrinology 
Labor a t  ory ) 

X X X I I  (2 )  : 63-67 ; 1986. 

Biological  Rhythms, Diurnal and Seasonal ;  
Rats, Male 
Endocrinology, Adrenalectomy, Thymus, Liver,  1 1 -Oxycorticoids,  Glucose, 
Glycogen, Free F a t t y  Acids, Nucleated Cells 

Abstract:  Experiments were performed on a t o t a l  of 240 w h i t e  outbred male 
rats, aged 2-3 months, over a period of  2 years. 
under standard l a b o r a t o r y  condi t ions.  The experiments  were performed i n  
s p r i n g  and fall.  The first group was an i n t a c t  con t ro l  group. Group 2 
rats underwent a bilateral adrenalectomy 3 weeks before the  beginning of 
the  experiment. These an imals  were given a 0.9% s o l u t i o n  of sodium 
ch lo r ide  for  dr inking  water. 
i n  metabolic chambers t o  s tudy t h e i r  locomotor a c t i v i t y .  Animals were 
s a c r i f i c e d  and s t u d i e d  a t  3:00, 9:00, 15:00, and 21:OO. The fo l lowing  
parameters were measured: concent ra t ion  of 11-oxycorticoid (11-OXC) i n  
blood plasma, l e v e l  of glucose i n  t h e  blood and of glycogen i n  t h e  l i v e r ,  
concentrat ion of free f a t t y  a c i d s  i n  plasma, of urea  i n  plasma, and of 
potassium, total  q u a n t i t y  of nucleated cells  i n  t h e  blood and i n  thymus 
homogenate. I n  a t h i r d  group of rats, i n t a c t  and adrenalectomized s u b j e c t s  
were in j ec t ed  w i t h  ACTH i n  a dose of 5 uni ts /100 g body weight a t  2:00, 
8:00, 14:OO and 20:OO dur ing  t h e  spr ing;  1 hour later an imals  were 
s a c r i f i c e d  and the q u a n t i t y  of 11-OXC i n  their blood determined. 

Animals were maintained 

Seven an imals  i n  each group were maintained 

I n  the  spr ing there were pronounced c i r c a d i a n  rhythms i n  t h e  concen t r a t ion  
of 11-OXC i n  an imals  w i t h  i n t a c t  ad rena l  glands,  w i t h  t h e  peak du r ing  t h e  
af ternoon,  6 hours before peak motor a c t i v i t y .  Ci rcadian  rhythms were 
observed i n  glycogen i n  t h e  l i v e r ,  and glucose,  free f a t t y  acids, potassium, 
and urea  i n  blood. Peak l e v e l s  of nucleated cells  i n  the  blood and thymus 
occurred during t h e  night ,  i n  c o n t r a s t  t o  the  11-OXC peak. On day 21 after 
bilateral adrenalectomy, mean d a i l y  l e v e l  of  1 1-OXC was restored and a 
d i u r n a l  rhythm differing f r o m  tha t  of t h e  c o n t r o l  group was es t ab l i shed .  
I n  s p i t e  of this, concent ra t ion  of nucleated cells  was markedly higher than 
f o r  normal animals and d i u r n a l  rhythms i n  glucose,  glycogen and nuc lea ted  
cells  i n  blood and thymus were not  observed, sugges t ing  i n s u f f i c i e n c y ,  
which is corroborated by t h e  fact t h a t  adrenalectomized an imals  do not  
r e a c t  t o  ACTH the way i n t a c t  an imals  do. 
adrenal glands showed a lower mean d a i l y  l e v e l  of 11-OXC than  i n  t h e  
spring. 
i n  t h e  l i ve r ,  f r e e  f a t t y  ac ids ,  and urea  i n  blood plasma were higher than 

I n  t h e  fa l l ,  an imals  w i t h  i n t a c t  

Peak l e v e l s  of 11-OXC occurred i n  t h e  morning. Levels of glycogen 

6 



BIOLOGICAL REYTBHS 

P405 

i n  t h e  spr ing ,  whi le  o the r  parameters were unchanged. No d i u r n a l  rhythms 
i n  glycogen, glucose,  potassium or nucleated cel ls  i n  the  thymus and blood 
were observed. After adrenalectomy, l e v e l  of 11-OXC was restored and a 
c i r c a d i a n  rhythm noted. Concentrat ions of glycogen, free f a t t y  acids and 
u r e a  were below those  i n  t h e  spr ing ,  while  t h a t  of nuc lea ted  cel ls  was 
unchanged. The c i r c a d i a n  rhythms noted i n  these parameters had no direct  
r e l a t i o n s h i p  t o  rhythms of 11-OXC. 
demonst ra t ing  t h a t  s e n s i t i v i t y  t o  hormones d i f f e r  for  va r ious  t i s s u e s  and 
t h a t  the ad rena l  glands play an impor tan t  r o l e  i n  t h e  format ion  of 
c i r c a d i a n  rhythms of var ious  phys io logica l  func t ions .  

The authors in te rpre t  these r e s u l t s  as 

Table  1: C i rcad ian  rhythms i n  phys io logica l  f u n c t i o n s  i n  i n t a c t  and 
adrenalectomized rats i n  s p r i n g  and f a l l  

Table 2: Circad ian  changes i n  t h e  concent ra t ion  of 11-OXC in t h e  plasma of 
ra t s  i n  the  experimental  groups after i n j e c t i o n  of ACTH 
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WONOGRAPH: 

Mg7(9/86) Stepanova SI. 
Bioritmologicheskiye aspekty  problemy adaptatsii  
[Biological rhythn aspects of the problem of adaptation]. 
Moscow: Nauka; 1986. 
C244 pages; 5 tables; 56 f i g u r e s ;  31 pages of r e fe rences ;  ca. 200 i n  
Engl i sh  1 
Aff i l i a t ion :  [Book] In te ragency  S c i e n t i f i c  Council of t h e  USSR Academy of 
Sc iences  and USSR Academy of Medical Sc iences  on the Fundamental Problems of 
Medicine 

Key Words: Bio log ica l  Rhythms; Adaptation; Personnel Se lec t ion ,  Cosmonauts 

Annotation: T h i s  monograph advances t h e  p o s i t i o n  t h a t  biological rhythms 
f u n c t i o n  t o  suppor t  t h e  q u a l i t a t i v e  s t a b i l i t y  of a l i v i n g  system. 
a t t e n t i o n  is devoted t o  t h e  p e r i o d i c i t y  of adap t ive  processes,  and t o  
demonstration o f  t h i s  phenomenon i n  responses  of humans and an ima l s  t o  
a c u t e  and ch ron ic  exposure t o  v a r i o u s  s t i m u l i .  The use of b i o l o g i c a l  
rhythms fo r  f u n c t i o n a l  and d i a g n o s t i c  examinat ions  i n  clinical and 
occupational practice is  described. T h i s  book is in tended  f o r  
phys io log i s t s  and phys ic ians ,  as well as for b i o l o g i s t s  i n t e r e s t e d  i n  
problems related t o  a d a p t a t i o n  and b i o l o g i c a l  rhythms. 

Much 

TABLE OF COHmTS 
(Numbers i n  parentheses  refer t o  page numbers i n  the  o r i g i n a l . )  

In t roduc t ion  ( 3 )  
P a r t  I 

BIOLOGICAL SIGNIFICANCE 
THE PERIODICITY PRINCIPLE I N  THE ADAPTATION PROCESS AND ITS GENERAL 

Chapter 1. The p e r i o d i c i t y  of the  a d a p t a t i o n  process -- a necessary  

Chapter 2. Man i fe s t a t ions  of t h e  p e r i o d i c i t y  of the  adap ta t ion  process 
cond i t ion  f o r  t h e  q u a l i t a t i v e  s t a b i l i t y  of a l i v i n g  system ( 7 )  

i n  t h e  organism's specif ic  and gene ra l  response t o  
s t r e s s o r s  ( 4 3 )  

Chapter 3. The law of growth rhythms as a m a n i f e s t a t i o n  o f  t h e  p e r i o d i c i t y  
of t h e  adap ta t ion  process  (92)  

Chapter 4. The p e r i o d i c i t y  [law] of the  a d a p t a t i o n  process i n  
space medicine (97)  

Part I1 
USE OF BIOLOGICAL RHYTHMS I N  THE SELECTION OF COSMONAUTS 

Chapter 1. Ind iv idua l  d i f f e r e n c e s  i n  phys io log ica l  rhythms (1  17) 
Chapter 2. Major t r e n d s  i n  t he  use  of b i o l o g i c a l  rhythms i n  t he  s e l e c t i o n  of 

cosmonauts (165) 
Chapter  3. Use of t empora l / c i r cad ian  parameters f o r  f u n c t i o n a l  d i a g n o s i s  

(171) 
Conclusion ( 1 9 8) 

Appendix 1. Estberg q u e s t i o n n a i r e  f o r  i d e n t i f y i n g  i n d i v i d u a l s  w i t h  morning 
and n igh t  peaks i n  work c a p a c i t y  (201) 

Appendix 2. Test  map (semantic d i f f e r e n t i a l )  f o r  sleep (208) 
References (21 0) 
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P400( 9/86) Yakushev VS,  Shkopinskiy YeA,  Kuripka V I ,  Mironova Y e V ,  
Verzhikovskaya BG, Makoyed OB, Ryzhov AA. 
Electrolyte concentration in the blood and t i s sue  hydration in response 
t o  emotional-pain stress. 
Fiziologicheskiy Zhurnal. 

[6 r e f e r e n c e s ;  1 i n  English] 
32(3): 363-367; 1986. 

Body F lu ids ,  Electrolyte Concentration, Tissue Hydration 
Rats 
Psychology, Stress, Emotional-Pain 

Abstract: Th i s  experiment was performed on 155 Wistar rats, of which 32 
were u n t r e a t e d  c o n t r o l s  (Group 1) and 123 were sub jec t ed  t o  emotional-pain 
stress. [Note: for  a d i scuss ion  of the  paradigm d e f i n i n g  emotional-pain 
stress, see page 96 of t h i s  Digest issue.] These an ima l s  were f u r t h e r  
subdivided on t h e  basis of whether they  were s a c r i f i c e d  and s t u d i e d  du r ing  
t h e  fo rma t ion  of stress, 2, 4, o r  6 hours i n t o  the s t r e s s - induc ing  
t r ea tmen t  (Group 2); or 1, 2, 5 o r  7 days af ter  the  t r ea tmen t  was 
t e rmina ted  (Group 3). After sacrifice, blood was t aken  and the 
concen t r a t ion  of potassium, sodium, calcium, and magnesium determined 
through flame photometry o r  spectrophotometry. Venous blood pH was 
determined f o r  some subjec ts .  F lu id  content of t h e  l e f t  v e n t r i c l e ,  b r a i n  
hemispheres and l i v e r  was determined by vacuum des i cca t ion .  Changes i n  t he  
concen t r a t ion  o f  blood e l e c t r o l y t e s  during and after procedures inducing  
emot iona l /pa in  stress are shown i n  Table 1. The most pronounced effect 
du r ing  t h e  procedure i s  t h e  development of hypernatremia, w h i l e  l e v e l s  o f  
o t h e r  e l e c t r o l y t e s  were below normal. After the  t r ea tmen t ,  l e v e l s  of 
sodium and other mine ra l s  dropped t o  below baseline.  Table 2 shows t h e  
r e s u l t s  of stress induc t ion  on t i s s u e  hydration. Four hours i n t o  t he  
stress procedure a l l  organs showed s i g n i f i c a n t  dehydration. By 6 hours of 
t r ea tmen t ,  b r a i n  and l i v e r  hydra t ion  had re turned  t o  base l ine ,  w h i l e  
hydra t ion  o f  the  v e n t r i c l e  was elevated. Ven t r i cu la r  hydra t ion  on ly  
r e tu rned  t o  normal 7 days after t rea tment  t e rmina t ion .  

Table 1: E l e c t r o l y t e s  i n  blood serum and e ry th rocy te s ,  and venous 
blood pH, du r ing  and after induc t ion  of emotional-pain stress 

Parameter Control Durlng stress induction After stress induction 
( i n  nrmole/l) 2 hrs. 4 hrs. 6 hrs. day 1 day 2 day 5 day 7 

K+: serum 6.19 4.68' 3.36' 4.68' 6.5 4.3' 6.4 5.13 
e ry th .  74.49 82.55' 83.85' 71.61' 68.63' 66.60' 75.65 64.90' 

Na+: serum 151.69 160.83' 178.46' 153.0 136.33' 147.66 140.16*139.16* 
e ry th .  6.62 7.01 5.0' 4.26' 9.96 5.43 5.58 5.98 

Ca++: serum 2.11 1.63' 1.88' 1.48' 1.72' 1.60' 1.19' 2.19 
&++: serum 0.91 0.83' 0.75' 0.68' 0.83' 0.80' 0.92 1.15' 

blood 
* differs s i g n i f i c a n t l y  from c o n t r o l ,  P < 0.05 

ph venous 7.336 7.362 7.386' 7.39' 7.328 7.365 7-34 -- 
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Table  2: F l u i d  con ten t  of organs du r ing  and af ter  i n d u c t i o n  o f  emotional- 
pain stress, ml/kg d r y  t i s s u e  

Organ Control During stress induction After stress induction 
2 hrs. 4 hrs. 6 hrs. day 1 day 2 day 5 day 7 

Left cardiac 760.4 802.8* 639.2* 793.4' 792.90 795.5* 798.5 788.1' 
v e n t r i c l e  

Cere b r  a1 800.7 799.1 755.6* 810.9 803.1 813.5 807.0 795.3 
hemispheres 

L ive r  705.3 699.4 667.7* 706.2 704.2 727.6 727.6 715.3 

* differs s i g n i f i c a n t l y  from c o n t r o l ,  p < 0.05 
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BOTANY 
(See also: Life Support Systems 1394, P393, P397) 

PAPERS: 

P396(9/86) Tarasenko VA. 
Ultrastructure of the root cap of- plants under normal 
conditions and mierogravity. 
In :  Kovrov BG, Kordyum VA, editors. 
Mikroorganizmy v iskusstvennykh ecosistemakh. 
[Mcroorganisms i n  artificial ecosystems,] 
Novosibirsk: Nauka; 1985. See Digest Issue #7, M78. 
[pp. 23-28; 11 r e fe rences ;  3 i n  English] 

Morphology and Cytology, U l t r a s t r u c t u r e ,  Root Cap 

Space F l i g h t ,  nSalyut-6n 
Botany, ArabidoDsis thaliana 

Abstract: T h i s  paper describes y e a r s  of experiments examining t h e  
u l t r a s t r u c t u r e  of r o o t  cap ce l l s  of mouse-ear cress (ArabidoDgig-) 
grown under c l i n o s t a t t i n g  (2  r evo lu t ions  per  minute) i n  space on t h e  
nSalyut-6.tt I n  t h e  first experiment, con t ro l  p l a n t s  were grown i n  v e s s e l s  
i n  an  agarized medium o r  an ion-exchange s u b s t r a t e  w i t h  continuous 
i l l u m i n a t i o n  a t  8000 l u x ,  a t  24OC. I n  space and i n  the  synchronous c o n t r o l  
cond i t ion ,  p l a n t s  were grown i n  t h e  "Svetoblok-1" appa ra tus ,  which provided 
s ter i le  growth cond i t ions  and direct  i l l umina t ion  o f  2 t o  4 lux. On the  
"Salyut-6," t h e  experiments started w i t h  p l a n t s  i n  t h e  d ico ty ledon stage, 
The experiment lasted 65 days. The p l an t s  were i l l umina ted  f o r  14 hours  
p e r  day du r ing  t h e  first 16 days, and continuously for the  subsequent 
period. The experimental  treatment delayed the  development of t h e  p l a n t s ,  
a l though exper imenta l  and c o n t r o l  [no t  c l e a r  whether they  mean synchronous 
o r  o rd ina ry  c o n t r o l ]  p l a n t s  were a t  the same stage and d i d  not d i f f e r  i n  
stem l e n g t h ,  o r  i n  number of buds, o r  f lowers by t h e  end of t h e  experiment. 
The a u t h o r s  a t t r i b u t e d  the  delay of the gene ra t ive  phase t o  i n s u f f i c i e n t  
l i g h t  i n  t h e  experimental  condi t ions .  Mitosis and c y t o k i n e s i s  i n  t h e  
meristem of t h e  r o o t  cap of f l i g h t  p l a n t s  from those  grown under normal 
condi t ions .  The most pronounced changes i n  t h e  r o s e t t e  stage involved t h e  
s t r u c t u r e  and topography of amyloplasts i n  t he  cel ls  of the  c e n t r a l  
statenchyme. I n  both f l i g h t  and synchronous p l a n t s ,  amyloplas t s  were 
d i s t r i b u t e d  throughout t h e  cytoplasm, whereas normally they are 
concen t r a t ed  i n  t h e  d i s t a l  end o f  t h e  statenchyme. A decrease i n  the  s i z e  
of s ta rchy  g r a i n s  was observed i n  both groups of c l i n o s t a t t e d  p l a n t s ,  
accompanied by greater s e p a r a t i o n  among t h e  g ra ins ,  During r o o t  
on togenes i s ,  t he  cells of the  c e n t r a l  statenchyme of c l i n o s t a t t e d  p l a n t s  
showed more v a c u o l i z a t i o n  than  p resen t  i n  normal p l an t s .  I n  t h e  beginning 
of t he  f lower ing  phase, dense d e p o s i t s  on the  membranous components of 
ce l l s  were found i n  i n d i v i d u a l  r o o t  caps of c o n t r o l  p l a n t s  on ly  i n  s e c r e t o r  
cells, but throughout t h e  r o o t  cap i n  c l i n o s t a t t e d  p l an t s .  Cells w i t h  
e l e c t r o n  dense d e p o s i t s  showed partial d e s t r u c t i o n  o f  t h e  o r g a n e l l e s ,  i n  
t h e  form of breaks i n  t he  membrane of the amyloplasts,  mitochondria,  
n u c l e i ,  and plasmalemma. F l i g h t  p l a n t s  which a t  t h e  end of t h e  experiment 
were f lower ing  o r  beginning t o  bear f r u i t  showed pronounced v a c u o l i z a t i o n  
of cells  throughout t h e  cap of the  main root .  P l a s t i d s  i n  t h e  cel ls  o f  t h e  
c e n t r a l  statenchymes of t he  f l i g h t  p l an t s  were d i s t r i b u t e d  throughout t he  
Cytoplasm, and conta ined  either small starchy g r a i n s  o r  none a t  a l l .  
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Vacuolizat ion was more developed i n  f l i g h t  than  i n  synchronous p l a n t s  f o r  
meristem cel ls ,  d i f f e r e n t i a t i n g  cells, and cells of t h e  c e n t r a l  statenchyme 
of t h e  l a t e r a l  roo ts .  There was more v a r i a t i o n  i n  t h e  con ten t  of the  
vacuoles  f o r  t h e  f l i g h t  p l a n t s ,  which i n  a d d i t i o n  showed l o c a l  d e s t r u c t i o n  
of t onop las t s  and l y s i s  zones i n  t h e  cytoplasm and c e l l  membranes. The 
a u t h o r s  a t t r i b u t e  t he  fac t  t h a t  p l a n t s  c l i n o s t a t t e d  i n  space were more 
s e v e r e l y  affected t o  t h e  stress of  re -en t ry  i n t o  Ea r th ' s  g r a v i t y  and n o t e  
t h e  poss ib le  c o n t r i b u t i n g  r o l e  of e lec t romagnet ic  and HZE i r r a d i a t i o n .  
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CARDIOVASCULAR AND RESPIRATORY S Y S T E n S  

(See also: Adaptation: P403; Human Performance: P363) 

PAPERS: 

P366 ( 9/86 ) Bunyatin AM. 
Electrical ins tab i l i ty  of the heart i n  animals showing different  
degrees of tolerance of immbilization stress. 
Fiz io log ichesk iy  Zhurnal SSSR i m .  I. M. Sechenova. 

E17 r e fe rences ;  7 i n  E n g l i s h ]  
A f f i l i a t i o n :  Laboratory of Experimental Cardiology, I.P. Anokhin 
S c i e n t i f i c  Research I n s t i t u t e  of Normal Physiology, USSR Academy of 
Medicine, Moscow 

L X X I I (  6 ) :  757-761; 1986. 

Card iovascular  and Resp i r a to ry  Systems, Heart, Electrical I n s t a b i l i t y  
Rats, Species and Ind iv idua l  Di f fe rences  
Immobilization Stress, Tolerance 

Abstract: A t o t a l  of 42 a d u l t  male ra ts  of 4 d i f f e r e n t  s t r a i n s  (Wistar, 
August, SHR,  and outbred)  were subjec ted  t o  30 hours i n  immobilization 
cages. During t h i s  per iod  EKG and blood p r e s s u r e  (by means of a catheter 
i n  t h e  abdominal aorta) were monitored continuously. 
t h e  ra ts  were a n e s t h e t i z e d  and t h e i r  hearts exposed. Threshold for  
evoking v e n t r i c u l a r  arrhythmia was determined by apply ing  electrical  
impulses du r ing  v a r i o u s  phases of t h e  card iac  cycle. From each s t r a i n ,  t h e  
10 most s t r e s s - t o l e r a n t  and adap t ive  and the 3 most s u s c e p t i b l e  t o  stress 
were selected. O f  t he  to ta l  of 12 s t r e s s - s u s c e p t i b l e  rats, 9 showed a 
hypotensive type  of stress response  and 3 a hyper tens ive  response. A s  a 
s t r a i n ,  Wistar ra ts  are most and August rats least t o l e r a n t  of 
immobilization stress. Toleran t  ra ts  showed no d i s r u p t i o n  of EKG rhythm 
and l i t t l e  blood p r e s s u r e  or heart rate f l u c t u a t i o n  du r ing  t h e  
immobilization period. Adapting rats showed i n i t i a l  d i s r u p t i o n  of EKG 
( s i n u s o i d  t a c h y c a r d i a ) ,  blood p r e s s u r e  and heart ra te ,  although these 
i n d i c a t o r s  had r e t u r n e d  t o  b a s e l i n e  l e v e l s  by the  end of t h e  period. The 
s t r e s s -p rone  rats were def ined  as those showing a drop o r  i n c r e a s e  i n  blood 
p res su re  o f  25-40 mm Hg compared t o  base l ine  by the  end of immobilization, 
as well as an imals  which died dur ing  the  t rea tment .  These animals showed 
t h e  most pronounced d i s r u p t i o n  of EKG, i nc lud ing  e x t r a s y s t o l e ,  and 
a t r i o v e n t r i c u l a r  blockade. Five animals from each s t r a i n  ( i n c l u d i n g  
outbred)  were n o t  immobilized and served as con t ro l s .  The c o n t r o l  threshold 
( i n  terms of magnitude of electrical cu r ren t )  f o r  arrhythmia ( e x t r a s y s t o l e ,  
paroxysmal v e n t r i c a l  t a c h y s y s t o l i s  and v e n t r i c u l a r  f i b r i l l a t i o n )  was 
determined f o r  each s t r a i n .  For a l l  s t r a i n s ,  t o l e r a n t  and adap t ing  rats 
d i d  no t  demonstrate s ta t i s t ica l ly  s i g n i f i c a n t  decreases i n  v e n t r i c u l a r  
e x t r a s y s t o l e  th re sho ld  af ter  immobilization, although there was a tendency 
i n  this d i r e c t i o n .  
s t r a i n  and outbred rats, showed decrease i n  t h e  threshold  f o r  paroxysmal 
v e n t r i c u l a r  t a c h y s y s t o l i s  and v e n t r i c u l a r  f i b r i l l a t i o n ,  while d u r a t i o n  of 
t h e  vu lne rab le  phase of t h e  cardiac cycle increased .  The ma jo r i ty  (80%) of 
Wistar rats showed a decrease i n  these two th resho lds ,  but t he  d u r a t i o n  of 
t h e  vu lne rab le  phase d i d  no t  i n c r e a s e  t o  a s t a t i s t i c a l l y  s i g n i f i c a n t  
e x t e n t .  For t h e  remaining Wistar ra ts  (20%), l e v e l s  of all these 
parameters remained a t  c o n t r o l  l e v e l s .  A l l  12  s t ress -prone  rats showed 

After immobilization, 

Toleran t  and adapting animals of t h e  August and S H R  
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P366 

s h a r p  decreases i n  t h e  th re sho lds  f o r  f i b r i l l a t i o n  and i t s  precursors .  
f r equen t ly  f i b r i l l a t i o n  occurred immediately on a p p l i c a t i o n  of minimal 
c u r r e n t  s t r eng th  and was prolonged and u s u a l l y  i r r e v e r s i b l e .  

Most 

F igu re  1: Determination of the  t h r e s h o l d s  f o r  v e n t r i c u l a r  arrhythmias 
d u r i n g  a p p l i c a t i o n  o f  a u n i t a r y  e lectr ical  impulse i n  t h e  vu lne rab le  phase 
of t h e  card iac  cycle 

F igu re  2. Changes i n  EKG 
hypotensive r e a c t i o n  p a t t e r n  

and blood p r e s s u r e  i n  a s t r e s s -p rone  rat  w i t h  a 

F igu re  3:  Changes i n  th re sho ld  f o r  t h e  occurrence of v e n t r i c u l a r  arrhythmia 
and dura t ion  of t h e  vu lne rab le  phase of t h e  cardiac c y c l e  r e s u l t i n g  from 
immobilization stress 

1 4  



CARDIOVASCULAR AND RESPIRATORY SYSTEHS 

P376(9/86)* Agadzhanyan N A ,  Krasnikov NP, Naydich SI. 
U s e  of gas mixtures containing increased amounts of oxygen and C02 to 
nomalize external respiration and acid/- balance i n  the blood during 
fatigue caused by physical exertion. 
Kosmicheskaya Bio logiya  i Aviakosmicheskaya Meditsina. 

[25 r e fe rences ;  11 i n  English] 
20 (4 ) :  32-37; 1986. 

Card iovascular  and Resp i r a to ry  System, External Resp i r a t ion ;  Hematology, 

Humans, Athletes 
Fa t igue ,  Phys ica l  Exer t ion ;  Countermeasures, Hyperoxia, Hypercapnia 

Acid/Base Balance 

Abstract: A group of 12 young athletes, mean age 16.8 y e a r s ,  exercised on a 
b i c y c l e  ergometer t o  the po in t  of extreme f a t i g u e .  
experimental  s e s s i o n s ,  separated by 48-hour i n t e r v a l s .  I n  t h e  first 
s e s s i o n ,  s u b j e c t s  breathed o rd ina ry  air a f t e r  exe rc i s ing .  I n  t h e  second 
s e s s i o n ,  after 20 minutes of rest, t h e  a t h l e t e s  breathed a mixture 
con ta in ing  1% co2 and 35% 02 for 20 minutes. I n  t h e  t h i r d  s e s s i o n ,  t h e y  
breathed a hyperoxic (35%) gas mixture with normal C02 content.  
f o u r t h  s e s s i o n ,  they  breathed a mixture conta in ing  inc reased  C02 (1%)  and 
normal oxygen (20.9%) 
after e x e r c i s e  te rmina ted  included: r e s p i r a t i o n  rate, pulmonary v e n t i l a t i o n  
volume, e x h a l a t i o n  of CO,, 
and c o e f f i c i e n t  of oxygen u t i l i z a t i o n .  To s tudy  acid/base balance,  blood 
was taken  from a c a p i l l a r y  i n  t h e  finger du r ing  the  most s t r enuous  po r t ion  
of the  exercise, and a t  minutes 20 and 40 i n  t h e  recovery period. The 
fo l lowing  measurements were made: blood pH, number of b u f f e r  bases, excess  
of n o n v o l a t i l e  acids, concen t r a t ion  of ac tua l  and s t anda rd  b icarbonates ,  
t o t a l  q u a n t i t y  of chemically bound and phys ica l ly  d i s so lved  C02 (tC021, and 
par t ia l  oxygen pressure .  

There were 4 

I n  the  

Externa l  v e n t i l a t i o n  parameters measured 40 minutes 

oxygen consumption, r e s p i r a t o r y  c o e f f i c i e n t ,  

Approximately 50% of t h e  physical  work performed by t h e  s u b j e c t s  on t h e  
ergometer (average  o f  19600 kg-m p e r  s u b j e c t )  occur red  under cond i t ions  of 
oxygen debt .  Anaerobic g l y c o l y s i s  facilitated t h e  accumulation of lactate  
and development of uncompensated ac idos i s ,  i nvo lv ing  s u b s t a n t i a l  s h i f t s  i n  
a number o f  parameters, inc lud ing  accumulation o f  n o n v o l a t i l e  acids and 
decreases i n  blood pH, concen t r a t ion  of a c t u a l  and s tandard  b icarbonates ,  
tC02 and partial  oxygen p res su re  i n  t h e  blood. During pass ive  rest 
b rea th ing  o rd ina ry  a i r ,  there was a partial  recovery  of these acid/base 
ba lance  parameters. Breathing t h e  gas mixture con ta in ing  1% CO and 35% 0, 
enhanced t h i s  normal iza t ion  process. Essen t i a l ly  similar r e s u l t s  were 
obta ined  w i t h  the  hyperoxic mixture,  but no s i g n i f i c a n t  effects on 
acid/base balance could be a t t r i b u t e d  t o  t h e  hypercapnic mixture. Ex te rna l  
r e s p i r a t i o n  parameters re tu rned  t o  the i r  b a s e l i n e  l e v e l s  by t h e  end of t h e  
rest period when o rd ina ry  a i r  was breathed. Brea th ing  t h e  mixture  which 
was both hyperoxic and hypercapnic increased  most parameters of pulmonary 
v e n t i l a t i o n  and gas exchange over base l ine  l e v e l ;  t h i s  was a l s o  the  case of 
the hyperoxic mixture,  and t o  a lesser degree of t h e  hypercapnic one. The 
a u t h o r s  s ta te  tha t  when a n  altered gas mixture i s  breathed du r ing  pass ive  
rest after i n t e n s e  phys ica l  a c t i v i t y ,  K O 2  is  approximately 50% of  V02 and 
the  r e s p i r a t o r y  c o e f f i c i e n t  is decreased, sugges t ing  r e t e n t i o n  of exogenous 
c02 i n  t h e  body. 
b i ca rbona te  buf fer  c a p a c i t y  can be cont ro l led  by accumulating endogenous 
Co2 i n  t h e  human body, and t h a t  brea th ing  gas mixtures  which are both 

They conclude t h a t  t h i s  experiment shows t h a t  t h e  
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CARDIOVASCULAR AND RESPIRATORY SYS- 

P376 

hyperoxic and hypercapnic i n  a recovery period af ter  i n t e n s e  phys ica l  
a c t i v i t y  i s  e f f e c t i v e  i n  r e s t o r i n g  acid/base balance. 

Table:  Parameters of e x t e r n a l  r e s p i r a t i o n  and acid-base balance i n  
a thletes  a t  rest, du r ing  maximum e x e r t i o n  and a t  minute 40 of t he  recovery  
per iod  w h i l e  b rea th ing  d i f f e r e n t  gas mixtures  

Parameter Baseline 

f ,  per  min. 14.6 
9 * 2  

v 02, lImin ml/min 212.6 
vo2, ml/rnin 260.4 
R 0.820 
02 u t i l .  28.2 
coe f f . ,  m l / l  
PH 7.412 
BE, mmole/l 4 . 3  
BB, mmole/l 48.1 
AB, mmole/l 24.2 
SB, mmole/l 24.1 
t C 0 2 ,  mmole/l 25.0 
PCO2, hPA 52.6 

D u r i n g  A t  minute 40 of recovery period, breathing: 
Exercise 20.9%02 1% C%+ 36.2% 02 1% C%+ 
(-urn) 351% 20.9%* 

46.6 16.4 16. 16.7 15.0 
122.8 8.4 12.0" 12.6' 11.3' 

3886.0 174.8 216.3' 260.6' 232.0' 
4070.2 270.3 548.6" 577.2' 430.61 

33.2 31 e7 45.8' 46 .O* 38.2' 
0.951 0.642 0.400' 0.446' 0.542' 

7.090 7.344 7.372' 7 376' 7.348' 
-20.1 -5.7 -4.2' -3.7' -5.4 

27 *9 42.1 43.6' 44.4' 42.5 
9.7 18.5 20 .O' 20.4' 18.7 

11.7 21.4 22 .o 22.7 21.5 
9.9 19.4 21.2' 21.4' 19.6 

42.8 47.2 48.6 47.9 47 .O 

* differs  s i g n i f i c a n t l y  from r e s u l t s  f o r  s u b j e c t s  b rea th ing  o rd ina ry  a i r .  
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CARDIOVASCULAR AWD RESPIRATORY SYSTECIS 

P386(9/86)* Fomichev V I ,  To Nam Zen. 
Central herodynaric parameters during dry immersion of patients with 
borderline arterial hypertension. 
Kosmicheskaya Bio logiya  i Aviakosmicheskaya Meditsina. 

[4 r e fe rences ;  3 i n  Engl i sh]  
20(4) :  73-74. 

Card iovascular  and Respi ra tory  Systems, Central  Hemodynamics 
Humans, Males, P a t i e n t s ,  Arterial Hypertension 
Hypokinesia, Immersion, Dry 

Abstract: Parameters o f  c e n t r a l  hemodynamics were s t u d i e d  u s i n g  dye and a 
Sov ie t  made monochromatic a u r a l  s ens ing  device. O f  a t o t a l  o f  10 s u b j e c t s ,  
a l l  males, aged 45-55, 2 were hea l thy ,  and 8 s u f f e r e d  from borde r l ine  
arterial hypertension. The parameters, which inc luded  s y s t o l i c  and cardiac 
index ,  and t o t a l  pe r iphe ra l  r e s i s t a n c e ,  were measured be fo re  immersion, i n  
t h e  24 th  and 120th hour of immersion, and du r ing  a r e a d a p t a t i o n  period. 
R e s u l t s  are shown i n  t h e  table below. The a u t h o r s  conclude t h a t  
hyper tens ive  s u b j e c t s  show marked ind iv idua l  d i f f e r e n c e s  i n  hemodynamic 
response t o  immersion. There is a tendency f o r  per iphera l  r e s i s t a n c e  t o  
decrease. 

Table: Mean va lues  of parameters of c e n t r a l  hemodynamics i n  i n d i v i d u a l s  
w i t h  b o r d e r l i n e  arterial  hypertension exposed t o  d r y  immersion 

Parameter Baseline Iarersion Readaptation 
24 hrs. 120 hrs. 

Cardiac index, 3.14 3-4 3.6 3 2 9  
l/min/mi! 

Systol c index ,  52.0 57.6 57.4 50.7 h m l /  m 

T o t a l  per iphera l  1498 1176* 1215* 1404 
r e s i s t a n c e ,  l /c* cm-5 

* P < 0.05. 
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CARDIOVASCULAR ABD RESPIRATORY SYSTElJs 

P387( 9/86]' Belkaniya GS, Dartsmeliya VA.  
The relationship between Individual somatometric characteristics [Le. ,  
body measurements] and functional characteristics of the cardiovascular 
system in  horizontal and upright positions, i n  healthy individuals and 
patients with arterial hypertension, 
Kosmicheskaya Bio logiya  i Aviakosmicheskaya Meditsina. 

[29 re ferences ;  2 i n  E n g l i s h ]  
20(4) :  75-77; 1986. 

Cardiovascular and Respi ra tory  System, Funct iona l  Characteristics, Body 

Humans, Males, Healthy, P a t i e n t s ,  Arterial Hypertension 
Horizontal  and Upr ight  P o s i t i o n s  

Measurements 

Abstract: I n  t h i s  s tudy ,  anthropometric measurements were made f o r  90 
h e a l t h y  males and 62 males wi th  stage I or I1 ar ter ia l  hypertension. Ages 
ranged from 24 t o  55. For each group, t he  va lues  of 11 somatometric 
parameters were measured and c o r r e l a t e d  w i t h  hemodynamic parameters (b lood  
pressure ,  c a r d i a c  ou tpu t ,  stroke volume, and pe r iphe ra l  vascu la r  
r e s i s t a n c e )  measured i n  minute 30 of l y i n g  i n  h o r i z o n t a l  p o s i t i o n ,  and i n  
minute 1 ,  5 ,  0 ,  15 and 20 of s t and ing  up r igh t .  Healthy and ill i n d i v i d u a l s  
d i f f e r e d  i n  body weight ,  rated f a t ,  d i s t a n c e  between t h e  t o p  of t he  head 
and heartbeat l o c a t i o n ,  and r a t i o  of t h i s  d i s t a n c e  t o  d i s t a n c e  between t h e  
heartbeat l o c a t i o n  and the ground. I n  h o r i z o n t a l  p o s i t i o n  t h e  h ighes t  
c o r r e l a t i o n  for hea l thy  i n d i v i d u a l s  was between body weight and amount of 
f a t  and t o t a l i t y  of hemodynamic parameters. 
muscle showed the h ighes t  c o r r e l a t i o n  w i t h  hemodynamic parameters. For 
both groups, c o r r e l a t i o n s  be tween hemodynamic parameters and body 
measurements were cons iderably  higher i n  u p r i g h t  t han  i n  h o r i z o n t a l  
pos i t i on .  The a u t h o r s  p o i n t  o u t  t h a t  t h e  o v e r a l l  p a t t e r n s  of c o r r e l a t i o n s  
are similar f o r  the two groups of s u b j e c t s ,  sugges t ing  t h a t  t h e  same 
p r i n c i p l e s  u n d e r l i e  t h e  r e l a t i o n s h i p s  between f u n c t i o n a l  and morphological 
characteristics i n  both groups. 

For t h e  p a t i e n t s ,  amount of 

Table 1 :  Re la t ive  d i s t r i b u t i o n  of somatotypes i n  hea l thy  i n d i v i d u a l s  and 
p a t i e n t s  with arterial hyper tens ion  

Table 2: Somatometric characteristics of hea l thy  i n d i v i d u a l s  and p a t i e n t s  
w i t h  arterial hyper tens ion  

Table  3: Comparison of the characteristics of h o r i z o n t a l  and u p r i g h t  
p o s i t i o n  on t h e  bas i s  of the  r e l a t i v e  numbers of s i g n i f i c a n t  c o r r e l a t i o n s  
between somatometric and hemodynamic parameters 
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CARDIOVASXLAJf lllDD RESPIRATORY SYSTBHS 

P391(9/86)* Gol'dovskaya MD, Mel'nichenko VP, Kulayev BS. 
Orthostatic response of heart rhythm i n  alert --monkeys. 
Kosmicheskaya Biologiya i Aviakosmicheskaya Meditsina. 

14 r e f e r e n c e s ;  1 i n  Engl ish]  
20(4):  86-88; 1986. 

Cardiovascular  and Resp i r a to ry  Systems, Heart Rhythm 
Primates ,  Mcaca a 
P o s t u r a l  Effects, O r t h o s t a t i c  P o s i t i o n  

Abstract: Measurements were performed on 10 c l i n i c a l l y  h e a l t h y  r h e s u s  
monkeys, weighing 4.5-5 kg, u s i n g  a tilt table  and a sup ine  s t a r t  
pos i t i on .  
t o  t h e  table and a "saddle seat." Each monkey was s u b j e c t e d  t o  on ly  1 
t r ia l  per day. 
t h e  b i p o l a r  chest leads. Head movements were restricted. The monkeys were 
l i g h t l y  a n e s t h e t i z e d  f o r  a t tachment  t o  the table. Measurements were made 
2-2.5 hours  after t h e  monkeys were a t t ached  t o  t h e  table,  by which time 
normal behav io ra l  and o r i e n t i n g  responses had u s u a l l y  been restored. A 
t e l e v i s i o n  camera monitored the  animals '  behavior. Measurements were made 
du r ing  an  in i t ia l  b a s e l i n e  per iod lasting 15 minutes, followed by 
o r t h o s t a t i c  p o s i t i o n  (+75O)  a l s o  l a s t i n g  15 minutes. 
eve ry  3 minutes,  and heart rate determined. Parameters considered were 
maximum heart rate, minimum heart ra te ,  and t h e  d i f f e r e n c e  between them, as  
well as mean and s t anda rd  dev ia t ion .  The or thostat ic  p o s i t i o n  was 
accompanied by an i n c r e a s e  i n  heart r a t e ,  even when t h i s  p o s i t i o n  was n o t  
e l i c i t i n g  i n c r e a s e d  motor a c t i v i t y  i n  t h e  animals. S ince  heart rate 
i n c r e a s e d  i n  o r t h o s t a t i c  p o s i t i o n ,  even when animals were a n e s t h e t i z e d ,  the  
a u t h o r s  conclude t h a t  t h i s  e f f e c t  is not simply a r e s u l t  of emotional 
stress. R e s u l t s  of t h i s  experiment were used t o  develop a methodology f o r  
performing pre- and pos t f l igh t  postural tes ts  on monkeys flown on  the 

Stress was minimized by using sof t  straps t o  attach the  monkeys 

Electrodes had previously been implanted i n  one of 

EKG was recorded 

I 
I 

~ nCosmos-1514n biosatel l i te .  

Table: Heart rate i n  monkeys i n  h o r i z o n t a l  and o r t h o s t a t i c  p o s i t i o n  I 

I Figure:  Changes i n  heart rhythm of monkeys du r ing  orthostatic tests 
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CARDIOVASCULAR A!ID RESPIRATORY SYS- 

P393(9/86)* Simonov LG, Gel'fenbeyn MS. 
[The potential for] Ultrasound measurement of hemodynamic parameters of 
the cardiocerebrovascular system 
Kosmicheskaya Bio logiya  i Aviakosmicheskaya Meditsina. 

[64 re ferences ;  24 i n  Engl i sh]  
20(4) :  8-16; 1986. 

Cardiovascular and Respi ra tory  Systems, Hemodynamic Parameters, Head 
Review and Discuss ion  Paper 
Ultrasound Methodology 

Abstract: T h i s  paper reviews the  use and p o t e n t i a l  use  of u l t rasound as a 
noninvasive means of s tudying  ca rd iovascu la r  f u n c t i o n  and blood c i r c u l a t i o n  
i n  t h e  head. Ultrasound i s  c u r r e n t l y  used t o  diagnose v a s c u l a r  l e s i o n s  and 
i n v e s t i g a t e  hemodynamic effects of extreme environmental f a c t o r s .  The 
three major t ypes  of u l t rasound techniques  and their  use  i n  i n v e s t i g a t i n g  
hemodynamic parameters of t h e  heart, b r a i n  and major v e s s e l s  of the  head 
are classified and descr ibed  i n  the  table reproduced below. Because of 
t h e i r  noninvasive n a t u r e  and s a f e t y  f o r  repeated use ,  and the  q u a n t i t a t i v e  
n a t u r e  of t h e  data they produce, t h e  a u t h o r s  cons ider  t h a t  u l t rasound 
methods should be used more e x t e n s i v e l y  f o r  p rophy lac t i c  examinations and 
occupational s e l e c t i o n .  

Table 1:  Modern noninvasive methods f o r  e v a l u a t i n g  c e n t r a l ,  r e g i o n a l  and 
peripheral  hemodynamics of organs and t i s s u e s  

Table  2: P o t e n t i a l  for use of u l t rasound methods i n  s tudy ing  t h e  
hemodynamic characteristics of elements of the  ca rd ioce reb rovascu la r  
system 

Method 

Echo 

Doppler 

Echo- 
doppler 

Heart Bra in  Major v e s s e l s  of 
t he  head 

Echocardiography: Echoencephalography: Echoarteriography: 
de te rmina t ion  of e v a l u a t i o n  of pulsed de te rmina t ion  of 
geometric dimensions pe r fus ion  of the  the  l i n e a r  dimensions 
of t h e  cardiac b r a i n  hemispheres of t h e  v e s s e l s  
v e n t r i c l e s ,  and 
stroke volume 
magnitude 

Dopplercardiography: Dopplerencephalography: Dopplerography 
determination of method has n o t  y e t  de te rmina t ion  o f  
rate of motion of been developed for  
ca rd iac  elements u se  i n  arteries and 

rate of blood flow 

v e i n s  

Echo-dopplercardio- Echo-dopplerencepha- Echo-dopplerarteri- 
graphy: method has lography: method has ography: determina- 
not y e t  been n o t  y e t  been t i o n  o f  volume of 
developed for  use developed for  use blood flow 

20 



CARDIOVASCULAR AND RESPIRATORY SYSTR4S 

P399(9/86) Navakatikyan AO, Buzunov VA,  Tile V, F r e n t s e l I  Kh. 
The effect of hypodynaria and emotional stress on physical work 
capacity of the circulatory and respiratory systems during physical 
exertion. 
Fiz io logicheskiy  Zhurnal. 

[19 r e fe rences ;  2 i n  English1 
Authors' a f f i l i a t i o n :  I n s t i t u t e  of I n d u s t r i a l  Hygiene and Occupational 
Diseases, Ukrainian Minis t ry  of Heal th;  and E.M. Arndt Univers i ty ,  
Greiswald, GDR 

32( 3) : 278-284 

Cardiovascular  and Respiratory Systems; Human Performance, Physical  Work 

Humans, Workers 
Hypodynamia; Psychology, Ehotional Stress 

Capacity,  Exert ion 

Abstract: Workers i n  3 profess ions  served as s u b j e c t s  f o r  t h i s  study. The 
first group (N=62) worked i n  the  electronics indus t ry ,  described as 
r e q u i r i n g  l i t t l e  phys ica l  e x e r t i o n  o r  nervous stress and invo lv ing  a 
p leasan t  working environment, as defined by d u s t ,  no i se  and temperature  
condi t ions .  The second group (N=44) worked as power s t a t i o n  operators, 
invo lv ing  l i t t l e  phys ica l  exe r t ion ,  but  moderate stress i n  a p l easan t  
working environment. 
involved cons iderable  phys ica l  e x e r t i o n  but l i t t l e  emotional stress and 
somewhat less p leasan t  working environments. Groups were equiva len t  i n  
age, years on the job, height,  and weight .  Parameters i n d i c a t i v e  of 
card iovascular  and r e s p i r a t o r y  func t ion  and phys ica l  work capacity were 
measured a t  rest and under 3 d i f f e r e n t  loadings: 50 W (cons idered  
equ iva len t  t o  l i g h t  work), 100 W (moderate work) and 150 W (heavy work), on 
a b icyc le  ergometer. The parameters which were considered most i n d i c a t i v e  
of h e a l t h  and work capac i ty  were the  r a t i o  of minute volume ( V E )  t o  oxygen 
consumption ( V 0 2 ) ,  as a c r i t e r i o n  of r e s p i r a t o r y  e f f i c i e n c y ;  and t o  
a l v e o l a r  v e n t i l a t i o n  ( v A )  as a c r i t e r i o n  of e f f i c i e n c y  of a l v e o l a r  
v e n t i l a t i o n ;  oxygen consumption and i t s  watt equ iva len t ,  as a c r i t e r i o n  of 
metabolism dur ing  aerobic energy expendi ture;  r e s p i r a t o r y  q u o t i e n t  ( R Q ) ;  
acid/base balance BB, pH, as a c r i t e r i o n  of metabolism dur ing  anaerobic  
l a c t a t e p r o d u c i n g  expendi ture  of energy; the ra t io  of partial  a l v e o l a r  
oxygen p res su re  t o  a l v e o l a r  v e n t i l a t i o n ,  as a c r i t e r i o n  of t h e  
e f f e c t i v e n e s s  of compensatory i n c r e a s e  i n  a l v e o l a r  v e n t i l a t i o n  t o  maintain 
normal gas parameters i n  t h e  blood during exer t ion .  
minutes on t h e  ergometer a t  50 W ,  r e s t ed  f o r  5 minutes,  spen t  up t o  10-12 
minutes a t  100 W, rested f o r  10 minutes, and spent  up t o  10-12 minutes a t  
150 W. 

The t h i r d  group (N=61) were farm workers whose jobs 

Sub jec t s  spent  up t o  8 

Resu l t s  showed s i g n i f i c a n t  differences among groups i n  PWC 

a u t h o r s  conclus ions  follow. 1. Hypodynamia combined w i t h  moderate nervous 
t ens ion  (Group 2) leads t o  a worsening of ae rob ic  and anaerobic  metabolism 
dur ing  phys ica l  exe r t ion ,  decreases  i n  t h e  e f f i c i e n c y  of pulmonary 
r e s p i r a t i o n  and the  capac i ty  t o  perform s t renuous  phys ica l  work. 
2. I n d i v i d u a l s  whose working condi t ions  involve  high l e v e l s  of stress 
combined w i t h  hypodynamia tend t o  show hyperven t i l a t ion ,  hypertonic  
stress, decreases i n  PWC170 and i n  e f f i c i e n c y  of a l v e o l a r  v e n t i l a t i o n ,  and 
r e l a t i v e  hypoxemia dur ing  phys ica l  exer t ion.  3. I n d i v i d u a l s  whose work 
r e q u i r e s  s t renuous  phys ica l  labor (Group 3) are t y p i c a l l y  phys i ca l ly  

and t h e  
other p y a m e t e r s  measured. These e f f e c t s  are presented i n  Po able 1. The 
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f i t ,  as demonstrated by t h e  e f f i c i e n c y  of  r e g u l a t i o n  of r e s p i r a t i o n  and 
c i r c u l a t i o n  du r ing  phys ica l  e x e r t i o n  and high l e v e l s  of  PWC 
Funct ional  e rgometr ic  s t u d i e s  which measure parameters of p?l:onary 
v e n t i l a t i o n ,  hemodynamics, and gas and acid/base balance i n  t he  blood make 
it  possible to  i d e n t i f y  e a r l y  changes i n  phys ica l  work capacity caused by 
the  combination of hypodynamia and stress. 

4. 

Table: Respi ra tory  and hemodynamic parameters i n  workers 
d i f f e r e n t  occupat ions  du r ing  phys ica l  e x e r t i o n  o f  100 W 

P a r a m e t e r  Group 
1 2 

(hypodynaria, (hYI?odm-a, 
low stress) high stress) 

VE, l/min 32.2*+ 31.6*+ 

VA, l / m i n  26.4*+ 24.6 

VE/VA 1.22 1.28' 

v02, l / m i n  1.25 1.30*+ 

vE/v02 25 .O+* 24.3 

RQ 0.93*+ 0.92 

pa029 kPa 10.5*+ 10.8' 

pa02/vA 0.40'+ 0.43' 

pac029 kPa 5.05 5.17 

BB, mequiv. /1 44.6*+ 45.9 

PH 7.36*+ 7.37 

Heart rate, min-1 1 l6*+ 118' 

S y s t o l i c  BP, kPa 18.1*+ 22.9 

N 62 40 

i n  three 

3 
(exertion, 
law stress) 

29.4 

23.7 

1.24 

1.22 

23 -3 

0.88 

11.6 

0.54 

5.21 

46.8 

7 -38 

107 

16.7 

61 

d i f f e rence  between groups 1 and 2 s t a t i s t i c a l l y  s i g n i f i c a n t  ( l e v e l  n o t  
c i ted) ;  + s i g n i f i c a n t l y  d i f f e r e n t  from group 3. Note: t h e  i n d i c a t i o n s  of  
which d i f f e rences  are s i g n i f i c a n t ,  which do n o t  appear t o  be c o n s i s t e n t ,  
are exac t ly  as cited i n  t h e  o r i g i n a l .  

F igu re  1: Sys to l i c  blood p res su re  as  a f u n c t i o n  ( r e g r e s s i o n )  of l e v e l  o f  
work performed i n  va r ious  occupat ion  groups 

F igu re  2: pa@ as a func t ion  ( r e g r e s s i o n )  of l e v e l  o f  work performed i n  
v a r i o u s  occupat ional  groups 
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P406( 9/86) Frolov VA, Chibisov SM, Kazanskaya TA. 
A possible mechanism underlying the occurrence of sudden cardiac death 
[death from myocardial infarction] during geoaragnetlc s tom.  
Patologicheskaya F iz io log iya  i Eksperimental 'naya Terapiya. 

[7 r e fe rences ;  1 i n  Engl ish]  
Authors' a f f i l i a t i o n :  Patrice Lumumba Universi ty  of F r i endsh ip  Among 
Peoples 

1986(3):  31-35. 

Cardiovascular  and Respi ra tory  Systems, Sudden Cardiac Death, 

Ch inch i l l a s ,  Male 
Radiobiology, Electromagnet ic  I n d i c e s  

Synchronizat ion of Parameters; Bio logica l  Rhythms 

Abstract: The au tho r s  state t h a t  evidence i n d i c a t e s  t h a t  i nc reased  
solar a c t i v i t y  causing s i g n i f i c a n t  f l u c t u a t i o n s  i n  the  i n t e n s i t y  of  t h e  
Earth's magnetic f i e l d  is a s s o c i a t e d  w i t h  complicat ions of myocardial  
i n f a r c t i o n  and inc reased  numbers of sudden ca rd iac  deaths. Th i s  s tudy  
attempts t o  i n v e s t i g a t e  t h e  mechanism underlying t h i s  a s s o c i a t i o n  by 
examining the  c o r r e l a t i o n  of cardiac parameters with f l u c t u a t i o n s  i n  the  
d a i l y  p l ane ta ry  magnetic index  and t h e  planetary a c t i v i t y  (Ap) index. A 
t o t a l  of 120 mature male c h i n c i l l a s  were used as s u b j e c t s  . For a +day 
period cardiac measurements were made electromanometr ical ly  i n  anes the t i zed  
an imals  every  3 hours. Parameters measured were a c t u a l  i n t r a v e n t r i c u l a r  
peak s y s t o l i c  pressure  wi th in  t h e  r i g h t  and l e f t  v e n t r i c u l a r  c a v i t i e s  
and t h e  maximal a t t a i n e d  i n t r a v e n t r i c u l a r  p re s su re  i n  both v e n t r i c l e s ,  
determined dur ing  5 seconds of occ lus ion  of t h e  ascending a o r t a  f o r  t h e  
l e f t  v e n t r i c l e  and of t he  pulmonary a r t e r y  for the  r i g h t  v e n t r i c l e .  
Cor re l a t ion  c o e f f i c i e n t s  between the  parameters measured and the va lues  of  
d a i l y  p l ane ta ry  magnetic index and the  Ap index  were derived.  
of these i n d i c e s  a n  i n t e n s e  geomagnetic storm was i d e n t i f i e d  as occur r ing  
on 23 September 1984 (magnetic index = 1.9; Ap = 112);  on 21 September 
magnetic a c t i v i t y  was comparatively low (magnetic index= 0.6; Ap = 10)  and 
22 September showed in t e rmed ia t e  a c t i v i t y  (magnetic index  = 1.1; Ap = 22). 
When cardiac parameters were measured on these days,  i t  was observed t h a t  
i n c r e a s e  i n  e lec t romagnet ic  a c t i v i t y  was a s s o c i a t e d  wi th  diminished 
c i r c a d i a n  rhythms; f o r  example, v a r i a b i l i t y  of the  set of cardiac 
parameters on t h e  day of the storm was 29% of t h a t  2 days  
a d d i t i o n ,  t he  high c o r r e l a t i o n s  between cardiac parameters of t he  l e f t  and 
r i g h t  v e n t r i c l e  on e l ec t romagne t i ca l ly  calm days was decreased 
s u b s t a n t i a l l y  on the  day of the  storm. The a u t h o r s  i n t e r p r e t  t h i s  r e s u l t  as 
i n d i c a t i n g  tha t  magnetic s torms  d i s r u p t  the  normal rhythmic changes i n  
phys io log ica l  func t ions .  Since synchronous func t ion ing  of va r ious  p o r t i o n s  
of the  heart is t i e d  c l o s e l y  wi th  b io log ica l  rhythms, l e v e l i n g  of 
biological rhythms by magnetic s torms desynchronizes t he  f u n c t i o n  of the 
heart as a system. 
desynchroniza t ion ,  t h i s  may be t h e  mechanism f o r  sudden heart dea th  dur ing  
magnetic storms. 

On t h e  basis 

before. I n  

Since f i b r i l l a t i o n  occurs  more r e a d i l y  under 

Table:  C o r r e l a t i o n  between c e r t a i n  parameters of c o n t r a c t i l e  a c t i v i t y  of t h e  
r i g h t  and l e f t  v e n t r i c l e s  i n  normal chinchillas on magnet ica l ly  calm days 

Figure:  Changes i n  t h e  c o r r e l a t i o n s  between parameters of c o n t r a c t i l e  
f u n c t i o n s  of the l e f t  and r igh t  cardiac v e n t r i c l e  du r ing  the development of 
a geomagnetic storm 
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Authors' a f f i l i a t i o n s :  Laboratory of Cardiac Pathophysiology, I n s t i t u t e  of 
General Pathology and Pathophysiology, USSR Academy of Medicine, Moscow; 
Department of Biochemistry, Orenburg Medical I n s t i t u t e .  

Cardiovascular and Respiratory Systems, Cardiac Damage, Cardiac Res is tance  
Rats, Male 
Physical  Exercise,  Countermeasures, Drugs, Antioxidant,  Ionol  

Abstract: Subjec ts  i n  t h i s  experiment were male Wistar rats divided i n t o  4 
groups (each N=8). Group 1 was a c o n t r o l ;  rats i n  Group 2 were given 
iono l  i n  a dose of 20 mg/kg body weight once a day f o r  3 days; ra ts  i n  
Group 3 were requi red  t o  run on a treadmill a t  a speed of 16 m / d n  u n t i l  
they were no longer  able t o  do so; rats i n  Group 4 were given iono l  i n  t he  
same dose as group 2 and then r equ i r ed  t o  run on t h e  treadmill f o r  per iods  
matched t o  those of ra ts  i n  Group 3. Rats i n  each group were f u r t h e r  
subdivided, w i t h  some ra t s  used t o  s tudy c o n t r a c t i l e  f u n c t i o n  of t h e  
i s o l a t e d  hea r t  and the  amount of c r e a t i n e  k inase  t r a n s f e r r e d  t o  a 
pe r fusa t e ,  while o t h e r s  were used t o  s tudy  energy metabolism i n  the heart. 
Groups 3 and 4 were s a c r i f i c e d  immediately after the  phys ica l  e x e r c i s e ,  and 
the  hearts removed. For the  first set of s u b j e c t s ,  isovolumic c o n t r a c t i o n s  
were induced i n  t h e  l e f t  v e n t r i c l e  by means of a l a t e x  bal loon;  pressure 
was measured us ing  a n  electromanometer. The data recorded was used t o  
der ive  values for  s y s t o l i c ,  d i a s t o l i c ,  and developed pressure ,  and maximum 
rates of con t r ac t ion  and r e l axa t ion .  The heart was then  perfused f o r  60 
minutes under cond i t ions  of normal ox ida t ion  ( a s s o c i a t e d  w i t h  minimal 
t r a n s f e r  of c r e a t i n e  kinase i n t o  t h e  p e r f u s a t e ) ,  then t h e  oxygenated and 
g lucose  containing s o l u t i o n  was rep laced  f o r  10 minutes wi th  a s o l u t i o n  
without  oxygen or glucose,  after which t h e  heart was reoxygenated. The 
a c t i v i t y  of c r e a t i n e  k inase  i n  t h e  pe r fusa t e  which had passed through t h e  
coronary tract was determined dur ing  minute 60 of normal oxygenation, 
minute 10 of anoxia and on minutes 2 and 10 of reoxygenation. Parameters of 
cardiac energy metabolism were s tud ied  i n  a state of phys io logica l  rest and 
after acute  overloading of t he  heart. T h i s  was achieved by opening t h e  
ches t  cav i ty  i n  anes the t i zed  animals w i t h  a r t i f i c i a l  pulmonary v e n t i l a t i o n  
and completely occluding t h e  a o r t a  f o r  90 seconds and then removing the  
heart. Next a homogenate was prepared of t he  t i s s u e  of the  l e f t  v e n t r i c l e  
i n  a 0.6 N s o l u t i o n  of HC1,  and c e n t r i f u g i n g  it fo r  15 minutes. 
concent ra t ions  of ATP, ADP, AMP, c r e a t i n e  phosphate and lac t ic  acid i n  t h e  
r e s u l t i n g  superna tan t  were determined. 

The 

Exercise  a t  maximal l e v e l  decreased t h e  p res su re  developed by t h e  i s o l a t e d  
heart by 30% compared t o  the  con t ro l  group. While i o n o l  d i d  not  affect 
t h i s  parameter i n  con t ro l  animals, i t  prevented depress ion  of developed 
p res su re  i n  those exposed t o  phys ica l  e x e r t i o n ;  indeed, animals  given i o n o l  
and then  forced t o  e x e r c i s e  s t renuous ly  showed cardiac p res su re  20% higher 
than t h a t  of con t ro l s .  The amount of c r e a t i n e  k inase  pass ing  from t h e  
i s o l a t e d  hear t  i n t o  the  superna tan t  on minute 60 of f u l l  oxygenation was 3 
times as high f o r  t h e  e x e r c i s i n g  animals  as for  con t ro l  animals. When 
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i o n o l  w a s  administered t o  exe rc i s ing  animals, t h i s  d i f f e r e n c e  was 
completely eliminated. Resul t s  also showed t h a t  t he  hearts of the  
e x e r c i s i n g  animals  were more vulnerable  t o  anoxia  than were those  of 
c o n t r o l s ,  bu t  i o n o l  eliminated these d i f fe rences .  (See Table.) The a u t h o r s  
i n t e r p r e t  these r e s u l t s  as i n d i c a t i n g  t h a t  maximal phys ica l  e x e r t i o n  leads 
t o  d e s t r u c t i o n  of the cells  of the  myocardium. Resu l t s  offEL vivo 
experiments i nd ica t ed  t h a t  a o r t a l  occlusion i n  un t r ea t ed  animals  decreases  
t h e  concen t r a t ion  of ATP and c r e a t i n e  phosphate by 35 and 60% respec t ive ly ,  
and i n c r e a s e s  t h e  concent ra t ions  of ADP, AMP, and l a c t i c  a c i d  by f a c t o r s  of 
1.3, 2.1 and more than 2 ,  r e spec t ive ly .  Prel iminary admin i s t r a t ion  of 
iono l  t o  c o n t r o l  animals decreased these e f f e c t s  somewhat. Maximal phys ica l  
e x e r t i o n  d i d  not  a f f e c t  i n i t i a l  concent ra t ion  of ATP i n  the myocardia, but 
decreased i n i t i a l  c r e a t i n e  phosphate by 405, and was associated w i t h  
s u b s t a n t i a l  i n c r e a s e s  i n  ADP, AMP, and lactate (by f a c t o r s  of 1.5, 2.4, and 
1.75, r e spec t ive ly ) .  Effects of occlusion of t h e  a o r t a  i n  experimental  
animals  were similar t o  those  i n  cont ro ls ,  bu t  concen t r a t ions  of ATP was 
20% lower and of c r e a t i n e  phosphate was 35% lower than  i n  t h e  c o n t r o l s  
w h i l e  concen t r a t ions  of ADP, AMP, and l a c t a t e  were higher after occlusion.  
Prel iminary admin i s t r a t ion  of i ono l  t o  experimental  animals  l i m i t e d  the 
decrease i n  c r e a t i n e  phosphate and the inc rease  i n  lactate i n  t h e  
myocardium (compared t o  unprotected animals) and e l imina ted  t h e  decrease i n  
ATP and c r e a t i n e  phosphate and the inc rease  i n  l ac t ic  a c i d  observed i n  
c o n t r o l  animals  after 90 seconds of occlusion. These r e s u l t s  demonstrate 
t h a t  t he  a n t i o x i d a n t  i ono l  prevents  much of t h e  decrease  i n  t h e  

lactate i n  the  myocardium i n  response t o  occ lus ion  i n  animals  which have 
undergone extreme phys ica l  exer t ion .  T h e s e  r e s u l t s  are i n t e r p r e t e d  as 
confirming t h e  hypothesis  t h a t  the decrease i n  t h e  concent ra t ion  of 

I concen t r a t ion  of energy-rich phosphate compounds and t h e  accumulation of 

I c r e a t i n e  phosphate and t h e  inc rease  i n  concent ra t ion  of c r e a t i n e  are e a r l y  
I r egu la to ry  s h i f t s  a c t i v a t i n g  the r e syn thes i s  of ATP i n  the mitochondria and 

I 
adap t ive  i n c r e a s e s  i n  t r a n s p o r t  of phosphates from the  mitochondria t o  t h e  
myof ibr i l s .  It is c o n s i s t e n t  t h a t  the  magnitude of t h i s  s h i f t  i n c r e a s e s  
when t h e  mitochondria are damaged and t h e  e f f i c i e n c y  of ae rob ic  r e s y n t h e s i s  

I of ATP decreases, as occurs  i n  response t o  maximal phys ica l  exer t ion .  
I 

Table 1. The e f f e c t  of maximal physical  e x e r t i o n  on a c t i v i t y  of c r e a t i n e  
k inase  i n  a pe r fusa t e  of i s o l a t e d  hearts du r ing  anoxia and 
reoxygenat ion 
Condit ion Minute 60 of Minute  10 of Minute 2 of 

perf usion anoxia of reoxygena t i o n  

I - c o n t r o l  8.03 
I1 - i o n o l  7 -2  
I11 - maximal 23.1 
phys ica l  e x e r t i o n  
I V  - i o n o l  + 9 *6 
e x e r t i o n  

19.9 
0.4 

32.1 

9 -0 

30.8 
10.3 
83.6 

14.8 

P 1:III < 0.001 < 0.01 < 0.001 
p 1 I I : I V  < 0.001 < 0.001 < 0.001 
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Table 2: The e f f e c t  of maximal phys ica l  e x e r t i o n  and iono l  on t h e  
concentrat ions of high-energy phosphate compounds and lactate i n  t he  
myocardium ( i n  um per 1 g t i s s u e )  i n  response t o  acu te  overloading of t h e  
heart 

Parameter Control Ionol  Maximal Exert ion Ionol  + Exert ion 
A B A B A B A B 

ATP 5.12 3.82 5.2 4.29 5.1 3-13 5.1 4.06 

AMP 0.28 0.58 0.27 0.46 0.66 0.79 0.63 0.69 
Crea t ine  

Lactate 3.34 7.07 3.16 6.6 5.86 12.78 4.65 7.01 

ADP 2.1 2.8 2.8 2.5 3.0 3.4 2.6 3 -0 

phosphate 8.3 3.5 8.2 4.5 4.8 2.3 6-3 3.8 

Figure: The e f f e c t  of maximal phys ica l  e x e r t i o n  and i o n o l  on developed 
p res su re  during induc t ion  of var ious  con t r ac t ion  rates i n  an isolated 
heart 
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PAPERS: 

P381(9/86)* Ananasenko Z I ,  Kuznetsova MA, Korotkova VYu. 
Behavioral responses of a n i m a l s  exposed to space f l i g h t  during the prenatal 
period. 
Kosmicheskaya Biologiya i Aviakosmicheskaya Meditsina. 

[25 r e fe rences ;  11 i n  English1 
20(4) :  55-59; 1986. 

Developmental Biology; Psychology, Behavioral Responses; Neurophysiology, 

Rats, Fe tus  
Space f l igh t ,  "Cosmos-1 51 4" 

P rena ta l  C o r t i c a l  Development 

Abstract: 
s p e c i f i e d )  of 4 female Wistar rats which had been flown on the "Cosmos- 
1514" on days 13-18 of the i r  pregnancy. A first con t ro l  group cons i s t ed  of 
19 ra t s  whose 5 mothers had been kept  i n  a s imula t ion  of the biosatell i te 
dur ing  t h e  same por t ion  of the i r  pregnancy. I n  a second con t ro l ,  24 rats 
from 5 mothers were maintained i n  t h e  labora tory  dur ing  pregnancy. Rats 
were tested i n  a c i r c u l a r  "open f i e ld"  on days 30, 51-53 and 88 of t h e i r  
l i ves .  Responses recorded inc luded  hor izonta l  and v e r t i c a l  motor a c t i v i t y ,  
r e l a t i v e  frequency of time spent  i n  t h e  cen te r  of the  f i e l d ,  r e l a t i v e  path 
length ,  s tanding  up, s n i f f i n g ,  grooming, and q u a n t i t y  of u r i n e  and feces. 

r a d i a t i n g  alleys and a c e n t r a l  s e c t i o n  w i t h  re inforcement  occurr ing  on ly  
when rats took a new path); 58-72 (maze w i t h  6 parallel a l l e y s  each 
conta in ing  one unlocked and s e v e r a l  locked doors  w i t h  re inforcement  
occur r ing  on a unique path);  and 79-82 (maze w i t h  many b l ind  a l l e y s  i n  
which rat t o  be r e in fo rced  must f i n d  s h o r t e s t  path t o  f in i sh ) .  

Subjec ts  i n  t h i s  experiment were the  o f f s p r i n g  (number not 

I The rats were run i n  mazes of 3 different designs,  on days 33-45 (3 

I I n  t h e  open f i e l d  test ,  ra ts  p r e n a t a l l y  exposed t o  space showed depress ion  
of a l l  t h e  responses  measured. No d i f f e rences  between groups were found i n  
t h e  number of s u b j e c t s  so lv ing  any of t h e  mazes, nor i n  number of e r r o r s  or 
l a t enc ie s .  However, f l i g h t  rats were more l i k e l y  t o  r e f u s e  t o  run  t h e  maze 
as t h e  goa l  box was approached and were much more prone t o  engage i n  
grooming responses  and o t h e r  goa l - i r r e l evan t  responses  w h i l e  i n  t h e  maze 
s i t u a t i o n .  
response (not  specified i n  paper) was introduced, t h e  f l i g h t  group showed 
t h e  most d i s r u p t i o n  of behavior. The au thors  conclude t h a t  p r e n a t a l  
exposure t o  space f l i g h t  f a c t o r s  d i d  not lead t o  any major changes i n  
behavior. The f l i g h t  an imals  r e a d i l y  or ien ted  themselves i n  the  new 
s i t u a t i o n ,  assimilated the  required response algorithms, and gene ra l i zed  
what they  learned  t o  new s i tua t ions .  The changes observed i n  t h e  f l i g h t  
an imals  r ep resen t ing  s l i g h t  decrements i n  t h e  f i n e  tuning of behavior may, 
i n  t h e  authors '  opinion, be viewed as r e s u l t i n g  from a t t e n u a t i o n  of t h e  
i n h i b i t o r y  func t ions  of the  cor tex  on s u b c o r t i c a l  format ion  ev iden t ly  
caused by r e t a r d a t i o n  of t he  maturat ion of c o r t i c a l  s t r u c t u r e  dur ing  
prenatal exposure to  space. These changes have only  minor consequences 
under normal c i rcumstances,  bu t  could decrease t h e  f u n c t i o n a l  capac i ty  of 
the  c e n t r a l  nervous system and t h e  l e v e l  of adap ta t ion  t o  new environmental  
condi t ions .  

I 

I When a s t i m u l u s  which i n h i b i t e d  performance of t h e  goa l  

I 
I 
I 

I 

1 

I 
I 
I 
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Table:  Exploratory a c t i v i t y  of rats i n  an "open f i e l d "  a t  v a r i o u s  times dur ing  
t h e  experiment 

Behavior Group Age of animals, days Rel iabl l i  t y  
of Rats 51 52 53 of Difference 

Overa l l  path F l i g h t  75.7 79.7 64.4 F:V < 0.01 
l e n g t h  Viv. Cont. 94.1 97 -6 101.8 F:S < 0.01 

Syn. Cont. 92.5 100.6 91.6 

visits t o  F l i g h t  5.6 7.6 6.6 F:V < 0.001 
c e n t e r  of Viv. Contr. 12.3 11.8 12.1 F:S < 0.001 
f i e l d  Syn. Cont. 13.4 11.7 10.8 

Rela t ive  path F l i g h t  3.2 5.6 3.7 F:V < 0.001 
l e n g t h  i n  center Viv. Cont. 8.9 8.7 9.5 F:S < 0.001 
of f i e l d ,  5 Syn. Cont. 13.0 11.7 10.3 

Number of times F l i g h t  8.4 8.1 8.1 F:V < 0.01 
s tood  w i t h  f r o n t  Viv. Cont. 12.1 13.6 11.9 F:S < 0.001 
paws on wall Syn. Cont. 17.7 15.7 13.3 

Number of speci- F l i g h t  8.6 10.8 11.8 F:V < 0.01 
f i c a l l y  explora- Viv. Cont. 14.5 22.3 14.0 F:S < 0.001 
t o r y  responses Syn. Cont. 23.5 21 .o 19.0 

Notes: Viv. Cont. = vivarous  c o n t r o l  group; Syn Cont. = synchronous 
c o n t r o l  group; F:V = s i g n i f i c a n c e  l e v e l  of d i f f e r e n c e  between f l i g h t  and 
v ivarous  cont ro l  groups; F:S = s i g n i f i c a n c e  l e v e l  of d i f f e r e n c e  between 
f l i g h t  and synchronous c o n t r o l  groups 

F igure  1: Q u a n t i t y  of excrement produced by female and male rats i n  "open 
f i e l d "  experiment [Not reproduced.] 

F igure  2: T i m e  spen t  grooming by animals i n  d i f f e r e n t  groups i n  a maze. 
Abscissa -- trial number; Ordina te  -- time spen t  grooming dur ing  tr ial .  
P I 2  < 0.01; P I 3  < 0.01 
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Figure 3: Change (Ai)  i n  the number or goal-irrelevant movements (a) and 
errors (b) i n  a maze after introduction of external  inhibitor.  Ordinate: 
increase i n  irre levant  movements or errors after inh ib i tor  introduced 
compared to  number before introduced. P l 2  <0.01; PI? <0.001 

29 



DEVELOPIJEISTAL BIOLOGY 

I 

P383( 9/86), Denisova LA. 
The effects of weightlessness on skeletal development in the rat embryo. 
Kosmicheskaya Biologiya i Aviakosmicheskaya Meditsina. 

[2 references; 1 i n  English] 
20(4) :  60-63; 1986. 

Developmental Biology, Musculoskeletal  System, Skeletal Development 
Rats, Embryos, Neonates 
Space f l i g h t ,  nCosmos-1514n 

Abstract: Sub jec t s  i n  t h i s  experiment were newborn Wistar ra t s  and rat  
embryos. The first ( f l i g h t )  group had been exposed t o  space f l i g h t  
cond i t ions  on board t h e  nCosmos-151411 biosatel l i te ,  du r ing  days  13-1 8 of 
t he i r  mothers' pregnancy; mothers of t h e  second (synchronous c o n t r o l )  group 
were kept  i n  a ground-based sa te l l i t e  s i m u l a t i o n  and exposed t o  a l l  space 
f l i g h t  f a c t o r s  except weight lessness ;  mothers of the  t h i r d  (v iva rous  
c o n t r o l )  group were maintained i n  o r d i n a r y  l a b o r a t o r y  conditions.  Diets of 
a l l  groups of mothers were i d e n t i c a l  and water i n t a k e  was no t  l imi ted .  
Some embryos i n  a l l  groups were removed from t h e  mothers on t h e  18th day of 
pregnancy; 3 or 4 embryos from each mother were taken  f o r  study. 
remain ing  an imals  were s t u d i e d  2-3 hours after b i r t h ,  which u s u a l l y  occur s  
on day 23 of pregnancy; 1-3 neonates from each l i t t e r  were selected f o r  
study. A t o t a l  of 20 embryos and 14 neonates from 9 mothers were used i n  
t h e  f l i g h t  group; 20 embryos and 10 neonates  from 9 mothers i n  t h e  
synchronous con t ro l ;  and 20 embryos and 20 neonates from 14 mothers i n  t h e  
v ivarous  control. The dimensions of o s s i f i c a t i o n  sites i n  the  founda t ions  
of bones of the lower jaw, and bones o f  t h e  shoulder  girdles o f  t he  f r o n t  
and hind l e g s  were measured. I n  a d d i t i o n ,  t h e  l e n g t h  of the t a i l ,  and 
c a r t i l a g i n o u s  foundation i n  t h e  brachia were measured i n  t h e  18-day 
embryos, and also i n  the brachia and f emurs  of neonates. 

The 

I n  18-day embryos, v i r t u a l l y  a l l  p o r t i o n s  of t h e  developing s k e l e t o n  of 
an ima l s  i n  the  f l i g h t  group showed s i g n i f i c a n t  r e t a r d a t i o n  of o s s i f i c a t i o n  
compared t o  the o t h e r  two groups. (See Table  1.) The most s e n s i t i v e  
s t r u c t u r e s  were those which were least mature a t  t h i s  stage of development. 
The effect of we igh t l e s sness  was a l s o  seen  in r e t a r d a t i o n  of the  
development o f  l o n g i t u d i n a l  cartilage. Development of an ima l s  i n  t h e  
synchronous c o n t r o l  group showed v i r t u a l l y  no d i f f e r e n c e  from the v ivarous  
c o n t r o l  group, sugges t ing  t h a t  we igh t l e s sness  per  se was the  key f ac to r .  A 
p rev ious  s tudy showed t h a t  a l though these embryos weighed less than  those 
i n  the  o ther  groups, the concen t r a t ion  o f  Ca2+ per u n i t  of t i s s u e  was no 
d i f f e r e n t  than for the  o t h e r  two groups. T h i s  leads t h e  a u t h o r s  t o  
conclude tha t  t h e  r e t a r d a t i o n  of skeletal  development is caused no t  by a 
shor t age  of Ca2+, but by d i s r u p t i o n  of the mechanism c o n t r o l l i n g  t h e  
inco rpora t ion  of calcium i n  the  developing skeleton. Embryos of mothers 
r eadap t ing  to normal g r a v i t y  had s i g n i f i c a n t l y  greater areas of 
o s s i f i c a t i o n  than embryos of c o n t r o l  mothers. The c a r t i l a g i n o u s  s k e l e t o n  
was also more h igh ly  developed i n  t he  f l i g h t  animals. Although t h i s  
measurement was n o t  taken  i n  t h i s  study, t h e  a u t h o r s  assume t h a t  du r ing  
r eadap ta t ion  the embryo, l i k e  t he  mother, shows a p o s i t i v e  Ca2+ balance,  
1 eading  t o  a c c e l e r a t i o n  of miner a1 i z  a t i o  n. 
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Table 1: 
bones o f  18-day o l d  f e t u s e s  exposed t o  space f l i g h t  from days 13 - 18 of 
pregnancy 

Length of areas ( i n  m m )  o f  o s s i f i c a t i o n  i n  founda t ions  o f  

Bone 

C l a v i c l e  
Scapula 
Humerus 
Ulna 
Radius 
Femur 
T ib ia  
F i  bul a 
Ischial  
Lower Jaw 

Group 
F l i g h t  Synchronous Control Vlvamus Control 
( N=20 (N=20) ( N=20 1 

1.42' 
0.69*+ 
0.82 
0.66*+ 

0.34*+ 
0.36 
0.29*+ 
0.55*+ 

0.57' 

3.70 

1.59+ 
0.78 
0.89 
0.81 
0.67 
0.44 
0.43 

0.66 
3.85 

0.37 

1.45 
0 a79 
0.89 

0.63 
0.43 
0.46 
0 -39 
0.66 
3.73 

0 -77 

Note: Here and i n  Table 2, - differs s i g n i f i c a n t l y  (p  < 0.05) from the 
synchronous con t ro l ;  + - differs  s i g n i f i c a n t l y  (p < .05) from the  v iva rous  
c o n t r o l  

Table 2: Length of areas ( i n  m m )  o f  o s s i f i c a t i o n  i n  t h e  s k e l e t o n  of 
neonates,  exposed t o  space  f l i g h t  f a c t o r s  between days 13-18 o f  
i n t r a u t e r i n e  development 

Bone 

C 1  a v i  cl  e 
I Scapula 

Humerus 
U 1  na 
Radius 
Femur 
T i b i a  
F i  bul a 

Pubic 
I l i ac  
Lower Jaw 

I Is c h i  a1 

Group 
F l i g h t  Synchronous Control Vlvarous Control 
(N=l4) (N=10) ( N=20 1 

4.51*+ 
4.34'+ 
4.55'+ 
5.14*+ 
3.89*+ 
3.73'+ 
4.62*+ 
4.25*+ 
2.18*+ 
1.81*+ 
3.00*+ 

10.57*+ 

4.06 
3.86 
4.14 
4.66 
3.44+ 
3 -33 
4.05 
3.76 
1.75 
1.44 
2.66 
9-89  

4.23 
4.08 
4.34 
4.69 
3.63 
3.45 
4.13 
3.82 
1.76 
1.57 
2.80 
9.79 

t 
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(See a l so :  Adaptation: P403; Biological Rhythms: P405, Psychology: P372) 

PAPERS: 
P390 ( 9/86) * Kalita NF, Tigranyan RA. 
Endocrine status of CoBpPonauta after long-term apace flights. 
Kosmicheskaya Biologiya i Aviakosmicheskaya Meditsina. 

[6  re ferences ;  2 i n  Engl i sh]  
20( 4)  : 84-86. 

Endocrinology, Hormone Levels,  Hypothalamus, Hypophysis, Adrenal 
Humans, Cosmonauts 
Space f l i g h t ,  nCosmos-151411 

Abstract: 
number of hormonal and b i o l o g i c a l l y  a c t i v e  compounds i n  10  cosmonauts who 
had completed long-term (73-185 days) space f l i g h t s ,  and t o  i d e n t i f y  
occurrence of the stress response du r ing  t h e  a c u t e  period of r e a d a p t a t i o n  
t o  grav i ty .  Measurements were performed on venous blood and urine. 
P r e f l i g h t  l e v e l s  were determined by c o l l e c t i n g  blood and u r i n e  30 days  
before the  f l i gh t .  I n  a d d i t i o n  d a i l y  u r i n e  was collected 3-5 days 
p r e f l i g h t .  P o s t f l i g h t  measurements on blood were made on days 1 and 7 
after landing; d a i l y  u r i n e  was collected on t h e  day of l and ing  and du r ing  
t h e  fo l lowing  7 days. Blood samples were analyzed through radioimmune 
assay f o r  the fo l lowing  substances:  ACTH, hydrocortisone, a ldos t e rone ,  
r en in ,  i n s u l i n ,  t h y r o t r o p i c  hormone (TRH), thyroxine  (Tq), t r i - i o d o t h y r i n  
(T3),  t e s tos t e rone ,  somato t ropic  hormone (STH), c y c l i c  adenosine 
monophosphate (AMP), c y c l i c  guanosine monophosphate (GMP), and p res so r  and 
depres so r  pros tag landins  (PGF2, and PGA & E). I n  u r i n e  t h e  concen t r a t ion  
of a ldos te rone  was measured by radioimmune assay, w h i l e  e x c r e t i o n  of t o t a l  
17-oxycor t icos te ro ids  (17-OCS) was assessed by observ ing  r e a c t i o n s  w i t h  
phenylhydrazine. Resu l t s  from f l i g h t s  of d i f f e r e n t  d u r a t i o n s  were compared 
and it was decided t h a t  t h e  d i f f e r e n c e s  were s u f f i c i e n t l y  small t o  warran t  
combining data f o r  ana lys i s .  

The goa l  of t h i s  experiment was t o  s tudy  t h e  concen t r a t ion  of a 

Resu l t s  of t h e  ana lyses  are presented  i n  Tables 1 and 2. P r e f l i g h t  s t u d i e s  
i n d i c a t e d  changes i n  t h e  r e l a t i o n s h i p  between pressor and depressor 
pros tag landins  toward predominance of depressor, and i n c r e a s e  over  normal 
l e v e l s  of exc re t ion  of 17-0CS, both of which are t y p i c a l  r e sponses  t o  
emot iona l  stress. No s t a t i s t i c a l l y  s i g n i f i c a n t  changes were found 
p o s t f l i g h t  i n  the  parameters of t h e  f u n c t i o n a l  a c t i v i t y  of the  
hypo t ha1 amus- hypo physi s- adrena l  c o r t e x  s y s  tem ( i. e., ACTH, hydrocortisone, 
t o t a l  17-0CS), which the  a u t h o r s  i n t e r p r e t  as r e s u l t i n g  from t h e  large 
i n d i v i d u a l  d i f f e r e n c e s  i n  these parameters. On day 1 p o s t f l i g h t  there was 
a s i g n i f i c a n t  decrease i n  plasma r e n i n  a c t i v i t y  and i n  l e v e l  of a ldos t e rone  
i n  t h e  blood, accompanied by an i n c r e a s e  i n  a ldos t e rone  excretion. The 
changes i n  a ldos te rone  may be expla ined  by inc reased  metabolism of the  
hormone, since on day 1 p o s t f l i g h t  there i s  e v i d e n t l y  a decrease i n  t h e  
a c t i v i t y  of a l a n i n e  aminotransferase.  
the  crews dur ing  long-term f l i g h t s  were a s s o c i a t e d  w i t h  r e l a t i v e l y  rapid 
recovery  of normal r e l a t i o n s h i p s  i n  t h e  ren in-angio tens in-a ldos te rone  
system. 
of i n s u l i n  i n  t h e  blood; t h i s  i s  expla ined  as  a r e a c t i o n  t o  t he  inc reased  
concent ra t ion  of g lucose  i n  t h e i r  blood, i n d i c a t i v e  of stress. 
t o  r e s u l t s  from shorter f l i g h t s ,  there was a s i g n i f i c a n t  i n c r e a s e  i n  

The p rophy lac t i c  measures taken by 

On day 1 p o s t f l i g h t  there was a s i g n i f i c a n t  i n c r e a s e  i n  t h e  l e v e l  

I n  Cont ras t  
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thyroxine i n  the blood of these cosmonauts and tendencies  toward i n c r e a s e s  
i n  thy ro t rop ic  hormone and T3. These changes parallel  those r epor t ed  i n  
U.S. as t ronauts .  Unlike cosmonauts on shorter f l i g h t s ,  these cosmonauts 
showed a s i g n i f i c a n t  decrease i n  the l e v e l  of t e s tos t e rone ,  aga in  
i n d i c a t i n g  stress. 
decreased t e s t o s t e r o n e  could f a c i l i t a t e  t h e  increased  accumulat ion of 
t r i g l y c e r i d e s  noted i n  these cosmonauts. P o s t f l i g h t ,  the  concen t r a t ions  of 
both types  of pros tag landins  decreased i n  t h e  cosmonauts' blood, t o  a more 
marked e x t e n t  for depressor  PG(A+E), causing pressor pros tag landins  t o  
predominate. PG(A+E) dipped below the lower boundary of the  norm. These 
e f f e c t s ,  characteristic of emotional stress, are a t t r i b u t e d  t o  a 
compensatory response directed a t  increas ing  vascular  tonus  and overcoming 
o r t h o s t a t i c  in to le rance .  The rap id  r eve r sa l  of t h e  hormonal changes 
c h a r a c t e r i s t i c  of stress testif ies to  t h e  success  of the  condi t ion ing  and 
t r a i n i n g  procedures  used t o  prepare the  cosmonauts for  f l i g h t s  of t h i s  
length. However, i t  is not clear how f l i g h t s  of even longer  du ra t ion  w i l l  
a f f e c t  these parameters. 

The increased  l e v e l s  of i n s u l i n  and T4 and t h e  

Table  1: Concentrat ion of hormones and b i o l o g i c a l l y  a c t i v e  subs tances  i n  
the  blood of cosmonauts (1 0 cosmonauts; f l i g h t  dura t ion :  73-1 85 days)  
substance 30 days preflight Days postflight 

1 7 

ACTH, pg/ml 
Hydrocortisone, ug% 
Aldosterone, pg/ml 
Renin, ng/ml* h r  
I n s u l i n ,  uk uni ts /ml  
TRH, uk uni t s /ml  
T49 Ug% 

T$, ng% 
S H, ng/ml 
Tes tos te rone ,  ng% 
Cycl ic  AMP, pmole/ml 
Cyclic GMP, pmole/ml 
PGF2 , ng/ml 
PG A+E, ng/ml 

45.22 
16.04 
67.1 
3.16 
17 .OO 
1.87 
6.61 

1.88 
158.9 

640 .O 
17.5 
3.81 
1.08 
3.81 

50 -00 
18.46 
18.8' 
2.26' 
22.17' 
2.04 
8.86' 

1.78 
537.0' 
20.7 
4.86 
0.68 
1.41' 

175.9 

71 -33 
15-33 
68.9 
2.37 
21.10 
1.74 
6.96 

1.26 
143.1 

555.0 
15.7 
5.95 
0.59' 
0.82% 

Here and i n  Table 2, differs s t a t i s t i c a l l y  from p r e f l i g h t  va lues ,  
[ s i g n i f i c a n c e  l e v e l  not  c i t ed ] .  

Table  2. Excret ion by cosmonauts of s t e ro id  hormones wi th  d a i l y  u r i n e  

Horppone Day Preflight ~ a y  Postf l ight  
30 5-3 0 1 2 3 4  5 6 7  

17-0CS, t o t a l ,  6.81 7.22 7.15 6.70 6.21 7.51 8.28 7.55 6.56 5.87 
W d a Y  

Aldosterone, 14.4 13.3 17.9 29.9' 20.8 21.3 17.7 22.5' 25.1 -- 
ug/day 
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P384(9/86)* Alekseyev YeI. 
Functional state of adenohypophysial somatrophs of rats undergoing 
hypokinesia. 
Kosmicheskaya Biologiya i Aviakosmicheskaya Meditsina. 

[21 references; 6 i n  Engl i sh]  
20 (4 ) :  63-67; 1986. 

Endocrinology, Hypophysis; Cytology, Somatrophs 
Rats 
Hypokinesia, Immobilization Stress 

Abstract: Wistar ra ts ,  aged 2.5 months, were confined i n  immobi l i za t ion  
cages f o r  as l ong  as 165 days. A c o n t r o l  group was maintained under normal 
l a b o r a t o r y  cond i t ions  and g iven  t h e  same d ie t  as t h e  immobilized rats. A 
sample o f  6 an ima l s  from each group were sacrificed and s tud ied  after 30, 
90, and 165 d a y s  of immobi l iza t ion ,  and af ter  2 months of r e a d a p t a t i o n  
f o l l o w i n g  immobi l iza t ion  (a t o t a l  o f  30 immobilized and 30 c o n t r o l  rats). 
The hypophysis was removed, f i xed ,  prepared, and s ta ined .  In fo rma t ion  was 
obta ined  about the  s i z e  of cel ls  and nuc le i ,  and t h e  r e l a t i v e  s izes  of 
n u c l e i  and cytoplasm. Concentration of oxyph i l i c  subs tance  i n  t h e  cytoplasm 
was determined on the  basis of o p t i c a l  d e n s i t y  after s t a in ing .  A s  t he  
c o n t r o l  animals aged from 2.5 t o  10 months, no s i g n i f i c a n t  d i f f e r e n c e s  were 
found i n  the somatroph parameters measured. On day 30 of hypokinesia t h e  
somatrophs of an imals  i n  t h e  exper imenta l  group showed marked a t t e n u a t i o n  
of oxidation. Cytoplasm showed diminished o p t i c a l  d e n s i t y  a s s o c i a t e d  w i t h  
decrease i n  oxyph i l i c  substances.  
i n  size. Under a microscope t h e  d i f f e r e n c e  between cells  from t h e  two 
groups was obvious. After 90 days  of hypokinesia, somatrophs showed 
ext remely  low concen t r a t ions  of o x y p h i l i c  substances. 
volume of cytoplasm decreased by an average  of 505, w h i l e  t h e  n u c l e i  
remained a t  t h e i r  base l ine  s izes .  The decrease i n  cytoplasm made somatrophs 
d i f f i c u l t  t o  i d e n t i f y ,  which i n  prev ious  s t u d i e s  could have l e d  t o  t h e  
erroneous conclusion t h a t  t h e  number of somatrophs had decreased. After 
165 days of hypokinesia, t h e  m a j o r i t y  of somatrophs remained d iminished  i n  
size, but  a number of larger cel ls  appeared along the  capi l lar ies  w i t h  
cytoplasm content i nc reased  by an average  of 20%. 
d i d  not change i n  size. Two months after the  t e r m i n a t i o n  of hypokinesia,  
t h e  l e v e l  of oxyph i l i c  subs t ances  i n  t h e  somatrophs had r e tu rned  t o  normal, 
w h i l e  t h e  s i z e  of the  ce l l s  themselves and t h e i r  n u c l e i  exceeded b a s e l i n e  
leve ls .  Degranulation of the  cytoplasm was noted where somatrophs were i n  
con tac t  w i t h  the v e s s e l  walls. On the  basis of these r e s u l t s ,  t h e  a u t h o r s  
conclude t h a t  one mechanism r e s p o n s i b l e  f o r  r e t a r d a t i o n  of growth and 
d i s r u p t i o n  of t i s s u e  metabolism dur ing  long-term hypokinesia is  depres s ion  
of somatroph func t ion  i n  t h e  a n t e r i o r  lobe of t h e  hypophysis. 

However, c e l l s  and n u c l e i  d i d  n o t  differ 

A t  t he  same time, t h e  

A s  before,  t h e  n u c l e i  

Figure:  Anter ior  lobe of t h e  hypophysis i n  rats. 
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Table: Data from cytokaryometr ic  ana lys i s  of adenohypophysial somatrophs 
of rats 

Conditions/ 
Group 

Con tr o l  

After hypo- 
k i n e s i a  l a s t i n g  : 
30 days 
90 days  
165 days 

Readaptation 
(2 months) 

Size, um3 
cel ls  P* nuclei P* cytoplasm 

417.5 138.9 279.5 

389.6 < 0.1 136.0 < 0.7 253.6 
289.6 < 0.001 140.8 < 0.5 148.4 
466.0 < 0.01 132.6 < 0.5 333.4 

482.8 < 0,001 158.9 < 0.01 323.9 

Nucleus: Cyto- 
plasm ratio 

1 : 2.0 

1 : 1.9 
1 : 1.0 
1 : 2.5 

1 : 2.0 

* s i g n i f i c a n c e  of d i f f e r e n c e  between experimental  and c o n t r o l  groups. 
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P385( 9/86), Pchelenko LD. 
Norepinephrine regulation of heat production and ATP u t i l i z a t i o n  i n  a 
single muscular contraction under nomal conditions and hypemxia 
Kosmicheskaya Biologiya i Aviakosmicheskaya Meditsina. 

[ l o  re ferences ;  4 i n  Engl i sh]  
20(4) :  67-72; 1986. 

Endocrinology, Norepinephrine, ATP U t i l i z a t i o n ;  Musculoske le ta l  System, 

Rats 
Hyperoxia 

Muscle Contraction 

Abstract: T h i s  experiment used 20 outbred w h i t e  rats of both sexes. Rats 
i n  the  cont ro l  group (N=g) were maintained under normal l a b o r a t o r y  
cond i t ions ,  w h i l e  11 rats were exposed t o  a 3-hour per iod  of b rea th ing  
99% oxygen w i t h  normal pressure. The an ima l s  were then sacrificed and 
the i r  diaphragms, removed and a p o r t i o n  attached t o  a s p e c i a l l y  developed 
thermopile,  
cons t an t  chamber and s t i m u l a t e d  by s i n g l e  e lec t r ic  impu l ses  (20 V, 16 
msec) every 5 minutes. A p r o f i l e  of t h e  heat and t ens ion  produced 
du r ing  a s ing le  i s o m e t r i c  c o n t r a c t i o n  was recorded. Rate of heat emis s ion  
i n  the f i rs t  second after s t i m u l a t i o n  ( V ) ,  i s o m e t r i c  t e n s i o n  (F) ,  and the  
energy cos t  of each gram of i s o m e t r i c  t e n s i o n  developed by the  muscle 
du r ing  a cont rac t ion  (V/F) were ca lcu la ted .  Base l ine  measurements were 
made f o r  each muscle. Norepinephrine ( t o  reach concen t r a t ion  o f  0.008 
ug/ml) was added t o  the  incuba t ing  s o l u t i o n  and the  measurement procedure 
was repeated after 10 minutes. F i n a l l y ,  for  6 of' t h e  muscles i n  each group, 
ATP (0.01 mg/ml) was added t o  t h e  prev ious  s o l u t i o n  and t h e  measurement 
procedure repeated after 5 minutes. 
thermal p r o f i l e s  were recorded. 

The muscle was then  incubated  f o r  30 minutes  i n  a the rma l ly  

Each time measurements were made, 3-4 

R e s u l t s  showed pronounced d i f f e r e n c e s  between c o n t r o l  and exper imenta l  
animals. In t h e  first set of measurements (be fo re  t h e  a d d i t i o n  of 
norepinephrine and ATP), rate of heat emis s ion  (V) of  t h e  c o n t r o l  an ima l s  
averaged 3.52 mcal/sec/g; after norepinephr ine  had been added, on ly  
i n s i g n i f i c a n t  i n c r e a s e s  i n  V and i s o m e t r i c  t e n s i o n  (F) were observed; 
a d d i t i o n  of ATP f u r t h e r  i nc reased  V by a small amount. 
i n c r e a s e s  i n  V i n  t he  presence of norepinephr ine  were h ighly  c o r r e l a t e d  
w i t h  i nc reases  i n  t h e  presence of ATP. When V/F was computed, i t  was found 
tha t  add i t ion  of the  two subs tances  l e d  t o  a s t a t i s t i c a l l y  i n s i g n i f i c a n t  
i n c r e a s e  i n  energy cost. Muscles of an ima l s  exposed t o  hyperoxia presented  
a very  d i f f e r e n t  p ic ture .  F i r s t ,  b a s e l i n e  heat emis s ion  was 2.2 times t h a t  
of t h e  cont ro ls ,  and energy c o s t  was inc reased  by a l i k e  amount. Hyperoxia 
was a l s o  assoc ia ted  w i t h  inc reased  s e n s i t i v i t y  t o  both norepinephrine and 
ATP, involving s i g n i f i c a n t  i n c r e a s e s  i n  heat emis s ion  and energy costs.  The 
i n c r e a s e s  i n  V when each of these subs tances  was added t o  t h e  medium were 
aga in  h ighly  correlated. The au tho r s  conclude t h a t  t h e  r e s u l t s  of t h i s  
s tudy  ind ica t e  t h a t  t h e  inc reased  mechanical e f f i c i e n c y  i n  muscle 
c o n t r a c t i o n  which occurred  i n  t h e  an ima l s  of the  expe r imen ta l  group was 
a t t a i n e d  through a d i s p r o p o r t i o n a t e  i n c r e a s e  i n  t h e  energy c o s t  of a s i n g l e  
muscle contraction. They hypothesize t h a t  t h i s  effect i n v o l v e s  
norepinephrine-dependent a c c e l e r a t i o n  of ATP-lytic p rocesses  du r ing  muscle 
cont rac t ion .  

Across s u b j e c t s ,  
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Table 1: Rate of heat emission,  mechanical tens ion ,  and energy c o s t  of 1 g 
of t ens ion  dur ing  a s i n g l e  muscle cont rac t ion  i n  an i s o l a t e d  diaphragm of 
ra ts  maintained under normal condi t ions  before  and af ter  a d d i t i o n  of 
norepinephrine and ATP t o  t h e  incubat ion medium 

Table 2: Rate of heat emission,  mechanical tens ion ,  and energy cost of 1 g 
of t ens ion  dur ing  a s i n g l e  muscle cont rac t ion  i n  an i s o l a t e d  diaphragm of 
rats exposed t o  3 hours of hyperoxia before and after a d d i t i o n  t o  t h e  
incubat ion  medium of norepinephrine and ATP 

Table synthesized from means of Table 1 and Table 2 
Condition Baseline Nore pine phri ne ATP added 

added 
V F V/F V F V/F V F V/F 

Normal 3.52 15.0 0.29 4.73 17.1 0.32 4.88 14.2 0.33 

Hyperoxia 7.81 17.2 0.48 11.96 20.3 0.64 18.76 23.6 0.78 

Figure 1: Rate of heat emission during a s i n g l e  con t r ac t ion  of an i s o l a t e d  
diaphragm of rats maintained under normal cond i t ions  o r  exposed t o  
hyperoxia 

F igu re  2: Energy cost of 1 g of i sometr ic  t ens ion  developed by muscles 
dur ing  a s i n g l e  con t r ac t ion  

Figure 3: Flow c h a r t  of i nc rease  of heat emiss ion  dur ing  a single muscle 
c o n t r a c t i o n  after +hours of hyperoxia 
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ENZYMOLOGY: See Radiobiology: P404) 

EQUI€"T MID IISTRUMENTATION 

(See a l s o :  Human Performance: P370) 

PAPERS: 

P388( 9/86 * Magedov V S ,  Koryakov YuS. 
A special-purpose device for magnetic recording of physiological 
information for experiments on biosatellites. 
Kosmicheskaya Biologiya i Aviakosmicheskaya Meditsina. 

[7 re ferences ;  2 i n  Engl i sh]  
20(4) :  79-80; 1986. 

Equipment and Ins t rumenta t ion ,  Magnetic Tape Recording Device 
Physiological S i g n a l s  
B i o s a t e l l i t e s  

Abstract: T h i s  paper describes t h e  concepts  under ly ing  t h e  development of a 
special-purpose magnetic r eco rd ing  dev ice  f o r  long-term continuous 
r eco rd ing  of phys io log ica l  s i g n a l s  on magnetic tape. T h i s  device  u t i l i z e d  
frequency modulated record ing ,  s i n c e  t h i s  method provides  t h e  maximum 
d e n s i t y  of s i g n a l  recording. The d u r a t i o n  of continuous r eco rd ing  w i t h  such 
a dev ice  a t  a g iven  frequency and adequate supply  of magnetic tape i s  
l i m i t e d  only by the  minimum speed of t h e  tape. Because phys io log ica l  
s i g n a l s  a r e  a t t e n u a t e d  a t  h igh  f requencies ,  t h e  device ,  by concen t r a t ing  on 
the  lower  frequency range, was able t o  use a s lower  t ape  speed ( 3  mm/sec) 
than  would be r equ i r ed  for  a gene ra l  purpose r eco rde r ,  and thus  prolong the  
d u r a t i o n  of continuous recording. 

The magnetic r eco rd ing  system developed, t he  "TopolI-D," inc luded  a ground- 
based r eco rde r / r ece ive r  and an  onboard r eco rd ing  device. The la t ter ,  280 x 
250 x 160 mm i n  s i z e ,  was capable of r eco rd ing  phys io log ica l  s i g n a l s  
continuously for  68 hours on a t a p e  27 um th ick .  This  appa ra tus  has 11 
channels  w i t h  a s i g n a l / n o i s e  r a t i o  no worse than  40 dB. Using t h e  
r e c e i v e r ,  s i g n a l s  ob ta ined  i n  space  could be reproduced i n  t h e  labora tory .  
The ground-based r e c e i v e r  has two tape speeds, 3 mm/sec and 3 cm/sec., and 
t h e  band of f r equenc ie s  recorded on the  accelerated speed ranged from 0 t o  
1000 Hz. T h i s  device  was used on the  "Cosmos-936," "-1129," and n-1514t8 
b i o s a t e l l i t e s .  

Table: Values of the carrier and upper f r equenc ie s  of t h e  
frequency modulated s i g n a l  
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GASTROINTESTINAL SYSTEM: See Radiobiology: P398 

HABITABILITY AND ENVIRONMENT EFFECTS 

PAPERS: 
P375(9/86)* Lekarev AV. 
Visual-optic evaluation of the threshold values of distortion of objects 
due to lens defects i n  the f lat  windows of transport vehicles.  
Kosmicheskaya Bio logiya  i Aviakosmicheskaya Meditsina. 

[ 7  r e f e r e n c e s ;  3 i n  Engl i sh]  
20(4) :  29-32; 1986. 

H a b i t a b i l i t y  and Environment Effects; Perception, Visual D i s t o r t i o n  
Humans, Operat or s 
Windows, Lens Defects 

Abstract: T h i s  s tudy  used a c o l l i m a t o r  t o  de te rmine  the  t h r e s h o l d s  of 
d i s t a n c e  between l e n s  and observer  and angle  of d e v i a t i o n  from the  l i n e  o f  
s i g h t  a t  which a l e n s  of a g iven  d iop te r  w i l l  d i s t o r t  an  o b j e c t  s een  
through it. A t o t a l  o f  20 ope ra to r s ,  aged 19-20, w i t h  normal 
v i s i o n  made a t o t a l  of 316 b inocu la r  observa t ions  t o  de t e rmine  these 
thresholds .  Sub jec t s  were requ i r ed  t o  say whether  a tes t  o b j e c t  viewed 
b i n o c u l a r l y  through t h e  c o l l i m a t o r  looked t h e  same o r  d i f f e r e n t  from a 
standard.  D i s t o r t i o n s  involved decreased s i z e  and inc reased  d i s t a n c e  o f  
o b j e c t  f o r  d ive rgen t  l e n s e s  and t h e  reverse f o r  convergent lenses .  
Convergent and d ive rgen t  l e n s e s  o f  0.12, 0.08 and 0.04 d i o p t e r s  were 
tested. 
a r igh t  a n g l e  t o  t h e  l i n e  of sight. When threshold of ang le  of i n c l i n a t i o n  
was determined, t he  l e n s  was apparent ly  l o c a t e d  w i t h i n  t h e  th re sho ld  f o r  
d i s t o r t i o n  by a v e r t i c a l  lens. R e s u l t s  are presented i n  Tables  1 and 2. The 
au tho r  proposes t h a t  these data be used as  a basis f o r  developing o p t i c a l  
s p e c i f i c a t i o n s  f o r  v e h i c l e  windows. 

When th re sho ld  of d i s t a n c e  was determined t h e  l e n s  was a l igned  a t  

Table  1: Threshold of o p t i c a l  d i s t o r t i o n  of an o b j e c t  as a f u n c t i o n  of 
d i s t a n c e  between the  observer ' s  eyes and t he  l e n s  defects i n  t h e  glass 
having v a r i o u s  o p t i c a l  powers and s i g n s  ( l e n s  v e r t i c a l  w i t h  respect t o  
l i n e  of s i g h t )  

Dis tance  between o b s e r v e r ' s  eyes  Optical Power of P 
and l e n s ,  mm t h e  l e n s ,  d i o p t e r s  

Convergent Divergent 
( + I  ( -1 

250 
425 
6 50 

175 
31 5 
6 50 

0.12 
0.08 
0.04 

< 0.05 
< 0.05 
> 0.05 
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Table 2: Threshold of opt i ca l  d i s tor t ion  of  an object  as a function of 
angle of  inc l inat ion of l ens  de fec t s  f o r  l enses  o f  various opt i ca l  powers 
( l e n s  apparently a t  non-distorting distance for  v e r t i c a l  or ientat ion)  

Permissible angle of inc l inat ion  Optical power of  P 
from the vert ica l  ( O )  the l e n s ,  d iopters  

Convergent Divergent 
( + I  (-1 
35kl.4 3521 -5 0.12 
35k1.5 35~1.7 0.08 
35~1.8 35*1.9 0.04 

< 0.05 
< 0.05 
< 0.05 
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P389( 9/86) * Sukhorukov OA, Azarova MV, Avetisyants BL. 
Evaluation of a methodology for sampling and concentrating trace 
atmospheric contaminants. 
Kosmicheskaya Bio logiya  i Aviakosmicheskaya Meditsina. 

[ 7  r e fe rences ;  1 t r a n s l a t e d  from English] 
20(4) :  81-83; 1986. 

H a b i t a b i l i t y  and Environment Effects, Atmospheric Contaminants 
Methodology Evaluation 
Sampling and Concentration 

Abstract: One of t h e  best ways of maximizing in fo rma t ion  about trace 
contaminants  i n  an  atmosphere is t o  concent ra te  the sample. This paper 
eva lua ted  the  s tandard  methodology ( d i f f u s i o n  through capi l lar ies)  o f  
sampling and concen t r a t ing  trace contaminants. The system used cons i s t ed  of 
two blocks f o r  d ry ing  and c l ean ing  t h e  a i r  u s ing  s i l ica  gel and a c t i v a t e d  
charcoal, a d i f f u s e r  f o r  ob ta in ing  small concen t r a t ions  of o rgan ic  
contaminants,  Dewar f l a s k  for  coolan ts ,  4 traps, a gas f low boos ter ,  and 
connec t ing  pipes. Each t r ap  had an  i n t e r n a l  diameter o f  10 mm, and a 
c a p a c i t y  of 7.85 cm3. The first t r a p  was empty and cooled t o  O°C, t h e  
second contained up t o  5 cm3 of chromosorb w i t h  10% emulfor  t o  t r a p  
a l c o h o l s  o r  5% dexcyl-300 t o  t r a p  ketones, a romat i c  and s a t u r a t e d  
hydrocarbons, whi le  t h e  t h i r d  and fou r th  t raps  contained silichrome. The 
f o u r t h  t r a p  served  t o  v e r i f y  whether d i f f i c u l t - t o - s o r b  subs t ances  had been 
f u l l y  trapped. The second, t h i r d  and f o u r t h  traps were cooled w i t h  d ry  ice 
t o  -78OC. 
system w i t h  v a r i a b i l i t y  i n  room temperature and rate of a i r  flow. 
Concent ra t ions  of trace contaminants caught i n  t h e  traps were determined 
u s i n g  flame i o n i z a t i o n  chromatography and the  s tandard  e r r o r  was computed. 
It was found t h a t  over  5-10 t r ia ls  standard e r r o r  of concen t r a t ion  f o r  11 
subs t ances  va r i ed  from 31 t o  7 5. Standard e r r o r s  for concen t r a t ion  
measurement c l e a r l y  exceeded v a r i a b i l i t y  i n  t empera tu res  and a i r  speed. 
Lowest s t anda rd  e r r o r s  occurred i n  t h e  measurement of s a t u r a t e d  and 
a r o m a t i c  hydrocarbons, and highest f o r  alcohols.  

Samples of t h e  same a i r  were r epea ted ly  passed through the  

Table 1: Vapor p re s su re  of subs tances  s tud ied  and t h e i r  c o e f f i c i e n t s  of 
d i f f u s i o n  i n  t he  a i r  a t  tempera ture  range of 0-20°C, and concen t r a t ion  
wi th  a i r  speed o f  146 cm3/min 

, 
Table 2: Stat is t ical  parameters of experimental r e s u l t s  

F i g u r e  1: Diagram of appa ra tus  f o r  t rapping  trace contaminants 

I 
1 

Figure  2 : Chromatogram of aromatic hydrocarbons 

F igu re  2: Chromatogram of s a t u r a t e d  hydrocarbons 
I 
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HEUATOLOGY 
(See a lso :  Adaptation: BR10;  Card iovascular  and Resp i r a to ry  Systems: P376) 

PAPERS: 
P36 9 ( 9/ 86 ) Shchukina MYa. 
Lactic ac id  concentration i n  the blood and erythropoiesis as a response to 
hypoxia 
F iz io logicheskiy  Zhurnal SSSR i m .  I. M. Sechenova. 
L X X I I (  5): 668-673; 1986. 
120 references; 3 i n  Engl i sh]  
A f f i l i a t i o n :  I n s t i t u t e  of High A l t i t u d e  Physiology and Experimental  
Pathology, Kirghiz SSR Academy o f  Sc iences ,  Frunze 

Hematology, L a c t i c  Acid,  E ry th ropo ies i s  
Rats, Males 
Hypoxia, Anemic, High A 1  ti tude  

Abstract: Subjec ts  i n  t h i s  experiment were 134 outbred w h i t e  male rats. 
Anemic hypoxia was created i n  some an ima l s  by removing 20-255 of t h e  body's 
blood supply at somewhat e l eva ted  a l t i t u d e s  ( f o o t h i l l  condi t ions :  760 m 
above sea l e v e l ) ,  o r  du r ing  t h e  3-5th o r  30 th  day of a d a p t a t i o n  t o  
moderately high a l t i t u d e s  (1700 m above sea l eve l ) .  Blood parameters were 
measured f o r  va r ious  groups of an imals  be fo re  anemia was created and 20 
minutes, 1 ,  3 and 7 days  afterward. I n  o t h e r  an imals ,  shor t - te rm hypoxic 
hypoxia was c rea t ed  by r a p i d l y  e l e v a t i n g  the  rats t o  an a l t i t u d e  equ iva len t  
of 16,000 m on days 3-5 and 40-50 of a d a p t a t i o n  t o  moderately high 
a l t i t u d e .  Total  time f o r  e l e v a t i o n  and descen t  i n  the  barochamber was 10- 
15 minutes. 
an ima l s  were placed i n  t h e  chamber. 
hemoglobin were determined photometr ica l ly .  Concentration of l a c t i c  acid 
was determined us ing  a method developed by Barker and Sammerson. 
experiment a t  760 m showed no s i g n i f i c a n t  changes i n  t h e  blood 
concent ra t ions  of e r y t h r o c y t e s  o r  hemoglobin i n  t h e  rats'  blood 20 minutes 
a f t e r  blood l o s s ;  however, t h e  concen t r a t ion  o f  l ac t i c  acid had inc reased  
by a f a c t o r  of 3. Lowest l e v e l s  of e r y t h r o c y t e s  and hemoglobin occurred on 
days 1 and 3, a t  which time l a c t i c  acid concen t r a t ion  was below t h e  l e v e l  
reached immediately a f te r  blood l o s s ,  but s t i l l  e l eva ted  compared t o  
baseline.  A l l  3 parameters had v i r t u a l l y  normalized 7 days  after blood 
loss .  The au thors  conclude t h a t  t h e  product ion  of e r y t h r o p o e i t i n  is  
induced by lac t ic  acid. 

Blood samples were taken  be fo re  and immedia te ly  after t h e  
Concent ra t ions  o r  e r y t h r o c y t e s  and 

The 

After 3-5 days of a d a p t a t i o n  t o  an  a l t i t u d e  of 1700 m, l e v e l  of l ac t ic  acid 
began t o  drop on ly  on day 3 after blood loss,  and i n c r e a s e  i n  
e r y t h r o p o e i s i s  was more pronounced than  a t  t he  lower  a l t i t u d e .  [NOTE: no t  
clearly supported by data i n  Table 2.1 The l o n g e r  per iod  of high a l t i t u d e  
a d a p t a t i o n  decreased the  i n i t i a l  concen t r a t ion  of l a c t i c  acid i n  t h e  blood. 
After 30 days of a d a p t a t i o n  t o  t h e  high a l t i t u d e ,  a l though lact ic  acid was 
higher  20 minutes after blood l o s s  than  i t  was be fo re  t h e  l o s s ,  it d i d  no t  
d i f fe r  from t h a t  of c o n t r o l  animals. The barochamber t r e a t m e n t  was 
a s s o c i a t e d  with some decrease i n  e r y t h r o c y t e s  and hemoglobin and 
s i g n i f i c a n t  i n c r e a s e  i n  l ac t ic  acid. 
t o  moderate a l t i t u d e  f o r  40-50 days showed 
l e v e l s  of e ry th rocy te s  and hemoglobin and lower  pre- and pos t a scen t  l e v e l s  
of l ac t ic  acid than  those  preadapted f o r  o n l y  3-5 days. 
adapted f o r  40-50 d a y s  and then  pu t  i n  the  barochamber showed lower 

Male rats which had been preadapted 
higher  pre- and pos t a scen t  

Female rats 

4 2  



P369 
preascen t  and pos t a scen t  l e v e l s  of e ry th rocy te s  and hemoglobin and a higher  
p reascen t  l e v e l  of l ac t ic  acid than males treated i d e n t i c a l l y .  The a u t h o r s  
conclude t h a t  t h e  e x t e n t  of l ac t i cac idemia  occur r ing  a t  h igh  a l t i t u d e s  i n  
response  t o  induc t ion  of a d d i t i o n a l  hypoxia depends on d u r a t i o n  of a l t i t u d e  
a d a p t a t i o n .  Ind iv idua l  and sex  d i f f e rences  are a l s o  a factor. 

Table  1: Effect of blood l o s s  on r a t s  a t  r e l a t i v e l y  low a l t i t u d e s  
( f o o t h i l l s  cond i t ions )  

Condition n Erythrocytes Elemglobin Lactic a c i d  
1012/1 g/l mn 

Contro l  5 6.12 194 .O 5.94 
After blood l o s s  
20 minutes 5 5.51 195.0 16.08' 
1 day 5 4.43r 153.00 8.20 
3 days  5 4.80 154.0% 10.38' 
7 days  5 5.10 180 .O 5.22 

Table 2: Effects of blood loss  on rats on days 3 - 5 of a d a p t a t i o n  t o  
modera te ly  high a l t i t u d e  

Condition n Erythrocytes Hemoglobin Lactic ac id  
10% g/l mn 

Contro l  14 4.89 168.1 5.78 
After 20 minutes 9 4.95 176.0' 12.061 
After 1 day 8 3*32* 111.0' 11.6' 
After 3 days 6 4.40 136.0' 7.48' 

Table 3: 
modera te ly  high a l t i t u d e  

Effects o f  blood l o s s  r a t s  on t h e  30 th  day of adap ta t ion  t o  

Condition n Erythrocytes Hemoglobin Lactic acid 
1012/1 g/l mM 

Before blood l o s s  7 5.66 
After 20 minutes 7 5.42 

196.0 3.56 
165.1' 6.34' 

Table 4: The effects o f  a s i n g l e  "ascenttt i n  a barochamber on rats adapted 
t o  moderately high a l t i t u d e  

Duration Conditions Sex n Erythrocytes, 
of adapt. 10'2/1 

3-5 Before a s c e n t  M 8 6.07 
3-5 After a s c e n t  M 5 5 079 
40-50 Before a s c e n t  M 6 7.58 
40-50 After a s c e n t  M 6 6.46 
40-50 Before a s c e n t  F 12 6.04 
40-50 After a s c e n t  F 12 5.24 

Her oglobi n, 
g/l 

190.6 
169.0 
250.0 
222. 0' 
174.0 
172.0 

Lactic acid, 
mn 

8.05 
17.8' 
4.54 
14.96' 
8.74 
14.49' 

* Differs s i g n i f i c a n t l y  from appropr ia te  con t ro l .  

43 



P382(9/86)* Kiselev RK, Chayka AM, Legen'kov V I .  
The effects of coamide [a cobalt derivative]  and fo l i coba lar ine  [a mixture 
of v i t a m i n h  
condit ions an3 during hypokinesia with head-down tilt. 
Kosmicheskaya Biologiya i Aviakosmicheskaya Meditsina. 

[ l l  r e fe rences ;  4 i n  English] 

and folic acid] on erythropoiesis under normal l i v i n g  

20(4 ) :  48-53; 1986. 

Hematology, E ry th ropoe i s i s  
Humans, Males 
Hypokinesia, Head-down T i l t ;  Countermeasures, Coamide; N u t r i t i o n ,  Vitamin 
q2, F o l i c  Acid, Cosmonaut Rations 

Abstract: A t o t a l  of 41 heal thy men, aged 19 t o  40, p a r t i c i p a t e d  i n  t h i s  
experiment, Some continued t o  f o l l o w  t h e i r  normal schedules;  o t h e r s  were 
sub jec t ed  t o  sho r t -  o r  long-term hypokinesia w i t h  head-down tilt. 
Hypokinesia cond i t ions  cons i s t ed  of either 7 days a t  -6O, 50 days  a t  -6O o r  
120 days  at -4.5O. 
experimental  period. 
t o  t h a t  given cosmonauts (4000 ca lo r i e s /day ) ,  w h i l e  t h e  remainder ate 
o rd ina ry  food. To s t i m u l a t e  hemopoiesis, some s u b j e c t s  r ece ived  a c o b a l t  
d e r i v a t i v e  (a 1 5 s o l u t i o n  of coamide); others rece ived  fo l icobalamine ,  a 
combination of Vitamin B~ 

w h i l e  t h e  o ra l  dose (30 ug/day) of fo l i coba lamine  exceeded t h e  MDR of bo th  
v i t a m i n s  by a f a c t o r  of 8. Efficacy of these p r e p a r a t i o n s  was eva lua ted  by 
de termining  t h e  t o t a l  weight  and concen t r a t ion  of hemoglobin, and q u a n t i t y  
o f  e ry th rocy te s  and r e t i c u l o c y t e s .  

Sub jec t s  were observed for  45 days f o l l o w i n g  t h e  
Some s u b j e c t s  i n  each group rece ived  a d i e t  similar 

and f o l i c  acid; still o t h e r s  rece ived  both o r  
ne i the r .  The coamide was ;i n jec t ed  i n t r a m u s c u l a r l y  i n  a dose of 1000 mg/day, 

I n  h e a l t h y  i n d i v i d u a l s  fo l lowing  the i r  normal schedules,  coamide (after 7 
days) and fo l icobalamine  (after 10 days) l e d  t o  an  i n c r e a s e  i n  these 
parameters. Total w e i g h t  of hemoglobin i n c r e a s e d  by 5-7s. The maximum 
i n c r e a s e  was obta ined  after 2-3 weeks, and maintained f o r  a month and a 
half. After the  p repa ra t ions  had been t aken  f o r  a month, t h e  number of 
r e t i c u l o c y t e s  had inc reased  by 12-155, demonst ra t ing  increased  bone marrow 
ery thropoies i s .  
b a s e l i n e  levels, i n d i c a t i n g  absence of pachemia  The two p r e p a r a t i o n s  a l s o  
had a s t imu la to ry  effect on e r y t h r o p o i e s i s  under cond i t ions  of short-term 
(7-day) hypokinesia w i t h  head-down tilt. When no countermeasures are 
adminis te red ,  t h e  first few days  of hypokinesia w i t h  head-down tilt are 
t y p i c a l l y  accompanied by pachemia and decrease i n  r e t i c u l o c y t e s ,  s e r v i n g  t o  
trigger a depression o f  hemopoiesis. The two p repa ra t ions  admin i s t e red  
served t o  inc rease  hemopoiesis du r ing  shor t - te rm hypokinesia, but d i d  no t  
r e s t o r e  i t  to  normal l eve l .  (See Table 3.) One and 2 weeks a f te r  
t e r m i n a t i o n  of hypokinesia, s u b j e c t s  r e c e i v i n g  either of the  p r e p a r a t i o n s  
showed s i g n i f i c a n t  i n c r e a s e s  i n  t h e  weight  of hemoglobin compared t o  
base l ine ,  but no changes i n  concen t r a t ions  of o t h e r  subs t ances  were 
observed. 
f u l l y  counterac t  t he  dep res s ion  of hemopoiesis a s s o c i a t e d  w i t h  shor t - te rm 
hypokinesia. 

Q u a n t i t i e s  of e r y t h r o c y t e s  and hemoglobin remained a t  

The authors no te  t h a t  t h e  p r e p a r a t i o n s  admin i s t e red  d i d  no t  

I n  t he  long-term condi t ion ,  on ly  fo l i coba lamine  was admin i s t e red ;  coamide 
was e l imina ted  because i n  t he  earlier exper iments  i ts  effects d i d  n o t  
appear t o  d i f f e r  from those  of folicobalamine. The exper imenta l  group i n  
t he  long-term s tudy  r ece ived  f o l icobalamine  d a i l y  f o r  2 weeks preceding 
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a 50-day hypokinesia per iod,  and again from days 31 t o  42. The c o n t r o l  
group rece ived  no countermeasures and underwent a 120-day period of 
hypokinesia  w i t h  head-down tilt. 
Table 4. The au tho r s  state t h a t  these data ind ica t ed  t h a t  fo l icobalamine  
taken before  and dur ing  a 50-day hypokinesia period, by s t i m u l a t i n g  blood 
marrow hemopoiesis, can p a r t i a l l y  restore hemoglobi9 weight du r ing  t h e  
t r ea tmen t  and a c c e l e r a t e  recovery a f t e r  t h e  t reatment .  (Edi tor ' s  note: 
it's not  c l e a r  t h a t  data i n  table suppor ts  t h i s  conclusion.) No side 
e f f e c t s  of t h i s  p repa ra t ion  were observed. 

Table 1: Experimental t rea tments  

Table 2: The effects of s t i m u l a t i o n  of e r y t h r o p o i e s i s  on hematological  
parameters under normal condi t ions  

Table 3: The effects of s t i m u l a t i o n  of e r y t h r o p o i e s i s  on hematological  
parameters dur ing  a 7-day period of hypokinesia w i t h  head-down tilt 

Parameter Treatment N Base- D a y  of Hypo- D a y  of Readaptation 

Results of these t r e a t m e n t s  are given i n  

line kinesia 
3 7 3 7 

Hemoglobin Folicobalamine 3 747 -- 759 -- 774' 
weight, g Coamide 5 748 -- 770 -- 781 

Placebo 4 748 -- 751 -- -- 
Concentra- Folicobalamine 3 152 169 158 139 -- 
t i o n  of hemo- Coamide 5 155 165 167 145 147 
g lobin ,  g / l  Placebo 4 151 166 162 -- -- 
Number of Folicobalamine 3 28.0 16.0**18.2** 18.7** -- 
re titulo- Coamide 5 28.8 12.9**18.8** 21.4** -- 
cy te s  1000 Placebo 4 29.3 15.2**19.9** -- -- 
per ,  1 mm3 

Number of Folicobalamine 3 5.34 4.69 4.34 4.97 -- 
e ry th rocy te s ,  Coamide 5 4.89 5.13 4.58 4-52 -- 
m i l  ion per Placebo 4 4.84 4.36 4.64 4.09 -- 
1 mm 4 

14 42 
763 741 
772* 743 
746 -- 
-- -- 

113 -- 
148 -- 
27.0 -- 
23.7' -- 
21 .3* -- 

4.97 -- 
4.50 -- 
4.49 -- 

Notes: Here and i n  Table  4, * - differs s i g n i f i c a n t l y  [from base l ine?] ,  
p < 0.05; ** - p < 0.001 
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Table  4: Effects of fo l icobalamine  on hemato logica l  parameters  du r ing  
long- term hypokinesia wi th  head-down tilt (HHDT)  

T i m e  50-day HHDT ( fo l icobalamine)  120-day HHDT ( c o n t r o l )  
w t .  hemo- f conc. hemo- I # e ry th ro -  I u t .  hemo- ! conc. hemo- f # e ry th ro -  
globin g f g l o b i n ,  g / l f  cytes mln. I g l o b i n  g Ig lobin ,  g / l I c y t e s  m l  

I ' 151 pe$.i2 mm31 755 I 138 I pefi.i5mm 
ff 

Basel ine  712 
Days HHDT: -_ 173' 3.81 -- 153'' 4.19 

5 -- 175' 4.68 -- 152** 4.25 
3 

20 634' 165** 4.63 680' 143 4.20 
30 604' 159 4.35 650* 140 4.09 

Folicobalamine adminis te red  between days 31 and 42. 

36 576* 158 3.96** -- -- -- 
42 616* 160 4.20 624' 147 4.56' 
49 638' 16 1 4.10 -- -- -- 
85 -- -- -- 552' 138 4.30'' 

1 l o  -- -- -- 533* 141 4.61* 

Days Recovery: 

30 7 22 148 3.60 647" 148 3 =83 
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EUMAN PERFORMANCE 
(See a lso :  Card iovascular  and Respiratory Systems: P399; Perception: P392; 

Psychology: P372; Radiobiology: P368) 

PAPERS: 

P363(9/86) Bayevskiy RM, Semenova TD. 
Evaluation of the functional state of an operator undergoing senso ry  
deprivation. 
F i z i o l o g i y a  Cheloveka. 

[12 r e f e r e n c e s ;  none i n  English] 
12 (4 ) :  676-678; 1986. 

Human Performance, Funct iona l  State, Psychological Work Capacity,  
Neurophysiology, Autonomic, Sympathetic and Parasympathetic Nervous 
Systems; Card iovascular  and Respiratory Systems, Cardiac Parameters; 
Adaptation, Monotony 

Humans, Opera tors  
Percept ion ,  Sensory Deprivation 

Abstract: T h i s  paper d e r i v e s  a method of measuring t h e  f u n c t i o n a l  state of 
o p e r a t o r s  who are a w a i t i n g  a s i g n a l  or command under c o n d i t i o n s  of sensory  
de f i c i t  (i.e., low l e v e l s  of sensory  s t i m u l a t i o n )  accompanied by 
s i g n i f i c a n t  nervous o r  emotional tension. The method is  based on 
measurement of a number of EKG parameters which are described as being 
i n d i c a t i v e  of the autonomic, sympathetic and parasympathet ic  nervous 
systems. 
cardiac cycle ( M I ;  mean nonquadratic dev ia t ion  (a  1; d i f f e r e n c e  between the  
maximum and minimum va lues  of ca rd iac  cycle d u r a t i o n  (AX); number of 
cardiac cycles of t h e  modal du ra t ion ,  expressed i n  % (*AMo); and an index  
o f  t e n s i o n  computed accord ing  t o  the formula I = *AMo/2Mo* X. 
i n d i v i d u a l  o p e r a t o r  t h e  b a s e l i n e  l e v e l  of these parameters was determined 
and compared w i t h  the i r  va lues  after a c e r t a i n  per iod  o f  t a sk  performance 
( i n  t h e  example given, 2 hours). For each ope ra to r ,  change i n  each 
parameter from b a s e l i n e  was assigned a score ( ranging  from 0 t o  4) 
depending on percentage and d i r e c t i o n  ( adap t ive  o r  maladapt ive)  of the 
d i f fe rence .  The sum of these va lues  i s  ass igned  a va lue  of 1 - 5 depending 
on magnitude and t h i s  s c o r e  is  taken  as  an o v e r a l l  i n d i c a t o r  of f u n c t i o n a l  
state,  w i t h  1 i n d i c a t i n g  moderate (appropr ia te )  working t e n s i o n  and 5 
s t r o n g  maladapt ive  reac t ion .  Data is c i ted  f o r  5 o p e r a t o r s  after 2 hours  
of t a s k  performance, but no f u r t h e r  d e s c r i p t i o n  of task performance 
c o n d i t i o n s  is given. 

Parameters u t i l i z e d  were: arithmetic mean o f  t h e  d u r a t i o n  of a 

For each 
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Table: parameters der ived  from mathematical a n a l y s i s  of heart rhythm after 
performance of  operator tasks f o r  2 hours  

Par am e ter 

M, sec 

AX, sec 

*AMo, 

I, a r b i t .  
u n i t s  

Sum of 

1 2 3 4 5 
A B A B A B A B A B 

0.91 0.84 0.81 0.72 0.63 0.72 0.67 0.74 0.90 1.06 
(0) (0) (2) (2) (4) 

(0) ( 1 )  ( 1 )  (4) (4) 
0.088 0.066 0.078 0.052 0.035 0.017 0.053 0.064 0.133 0.173 

0.302 0.244 0.273 0.192 0.108 0.084 0.191 0.229 0.360 0.339 
(0) 

27 32 30 
(0) 

56 84 70 
( 1 )  

1 
scaled scores  

I C F C  ** 1 

Work capaci ty ,  7.8 8.7 7.7 
rated*** 

(0) 
41 

( 1 )  

159 
( 1 )  

3 

2 

7.9 

446 589 186 132 66 
(1 )  (4) 

8* 14 

3 4 

7.0 6.3 7.0 6.1 7.8 

(0) 
19 
(4) 

39 
(4) 

19* 

5 

6.5 

A: base l ine ;  B: a f ter  2 hours of t a s k  performance. Numbers i n  parentheses  
refer t o  r a t i n g s  assigned as follows. 0: parameter remains v i r t u a l l y  
unchanged (&%) o r  changes by I202 i n  t h e  d i r e c t i o n  considered adapt ive ;  
1: parameter changes i n  d i r e c t i o n  considered adap t ive  by > 20%; 2: 
parameter changes i n  d i r e c t i o n  considered maladapt ive by I 20%; 4: 
parameter changes i n  d i r e c t i o n  considered maladaptive by > 20%. 

*, i f  there is evidence of "desynchronization" among a sub jec t ' s  scores, 
i.e., some changes i n  one d i r e c t i o n  and some i n  the  other,  3 p o i n t s  are 
added t o  the  total .  

**, i n t e g r a l  c r i t e r i o n  of f u n c t i o n a l  changes, computed as follows: i f  
t o t a l  = 0-2, I C F C  = 1 ;  i f  t o t a l  = 3-5, I C F C  = 2; if t o t a l  = 6-10, I C F C  = 
3; if to ta l  + 11-18, I C F C  = 4; i f  t o t a l  2 19, I C F C  = 5. 

***, apparent ly  rated independent ly  on basis of t a sk  performance (no 
d e t a i l s  c i t ed )  as a check on t h e  proposed measurement system. 



P370(9/86)* Oboznov AA, Boyarskiy AN, B u t u r l i n  A I .  
Psychophysiological aspects of color coding of flight and navigational 
information on onboard (airborne) electronic displays.  
Kosmicheskaya Bio logiya  i Aviakosmicheskaya Meditsina. 

[ l o  r e fe rences ;  5 i n  English] 
20(4): 16-19; 1986. 

Human Performance; Psychology, Psychophysiological Parameters 
Humans, P i l o t s  
Equipment and Ins t rumen ta t ion ,  Instrument Displays;  Percept ion ,  Color 

Coding 

Abstract: Th i s  s tudy  was concerned w i t h  e v a l u a t i n g  p i l o t  performance as  a 
f u n c t i o n  of number of c o l o r s  (1 or 3) used i n  the  d i s p l a y  of f l i g h t  and 
nav iga t iona l  i n fo rma t ion  on t h e  ins t rument  panel. The experiment used a 
f l i g h t  s i m u l a t o r  and 6 p i l o t s .  The assigned t a s k  was t o  perform a l and ing  
approach on t h e  bas i s  of d i r e c t i o n a l  signals.  The f o l l o w i n g  parameters 
were used t o  e v a l u a t e  performance: accuracy i n  main ta in ing  l and ing  
t r a j e c t o r y ,  a l l o c a t i o n  of a t t e n t i o n  (assessed by r eco rd ing  d i r e c t i o n  of 
focus) ,  and rate of readout  from instruments.  The in s t rumen t  d i s p l a y s  
( appa ren t ly  CRTs) were either monochromatic (green) o r  t r i c h r o m a t i c  (green, 
yellow and red). A r e l a t i v e l y  s i m p l e  and a more complex ( invo lv ing  sideways 
d i v e r s i o n  of the  aircraft)  ve r s ion  of t h e  l and ing  t a s k  were used. The more 
complex t a sk  is described as requ i r ing  r a p i d  and d i f f e r e n t i a l  eva lua t ion  of 
t h e  display. The p i l o t s '  v i s u a l  perception was eva lua ted  before  and after a 
one-hour task performance se s s ion ,  on t h e  basis of v i s u a l  percept ion  
l a t ency ,  c o n t r a s t  s e n s i t i v i t y ,  c r i t i c a l  f l icker  f u s i o n  rate, and a c u i t y  o f  
c o l o r  perception. It was found t h a t  f o r  the  s i m p l e r  l and ing  task the  
measured parameters of p i l o t  task performance d i d  n o t  depend on t h e  number 
of c o l o r s  used i n  t he  in fo rma t ion  display. Display c o l o r  a l s o  had no 
effect on perceptua l  accuracy and speed after t a sk  performance. I n  both 
cond i t ions  there was a very  s l i g h t  decrement. However, when asked f o r  
s u b j e c t i v e  eva lua t ion ,  a l l  6 o r  5/6 of t he  p i l o t s  (depending on ques t ion  
asked) preferred the  m u l t i c o l o r  display. T h i s  p re fe rence  is discussed  by 
the  a u t h o r s  i n  r e l a t i o n  t o  t h e  tendency t o  prefer redundant i n fo rma t ion  
even when t h e  redundancy i s  no t  required f o r  task performance. 
l a n d i n g  t a sk  was made more complex, p i l o t  performance was s u p e r i o r  (by 17%) 
w i t h  t h e  mul t i co lo red  display. Thus, a d d i t i o n  of redundant c o l o r  cues may 
o r  may not i n f l u e n c e  "output" performance parameters depending on t a s k  
demands. 

When the  

Tab le  1: Comparison of p i l o t  performance w i t h  two types  of d i s p l a y  
i l l u m i  na t ion  

Table 2: Visual percept ion  parameters w i t h  two types  o f  d i sp l ay  
i l l u m i n a t i o n  
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P371(9/86)* Epishkin A K ,  Skrypnikov A I .  
Prediction of operators' work capacity during prolonged uninterrupted work 
periods. 
Kosmicheskaya Biologiya i Aviakosmicheskaya Meditsina. 

[ 9 re ferences ;  none i n  Engl i sh]  
20( 4)  : 19-22; 1986 

Human Performance, Sensorimotor, P u r s u i t  and Tracking; Neurophysiology, 
EM; Parameters 

Humans, Operators 
Fa t igue ,  Uninterrupted Work, Sleep Deprivation; Countermeasures, Autogenic 

Tra in ing  

Abstract: Experiments were performed w i t h  3 hea l thy  ope ra to r s ,  aged 19-32, 
p a r t i c i p a t i n g  i n  each. [Not clear whether same 3 were i n  a l l  experiments;  
sex no t  specified.] Opera tors  were requ i r ed  t o  perform assigned tasks w i t h  
no time for  rest. EM; and heart ra te  were recorded every f o u r  hours 
approximately 1 hour before  performance parameters were measured. The 
tasks included sensor imotor  p u r s u i t  and compensatory t r ack ing ,  both 
invo lv ing  a l i g h t  s igna l .  Heart rate and EEG data i n d i c a t e d  t h a t  s u b j e c t s  
went through 4 phases dur ing  t h e  exper imenta l  period. The first phase, 1- 
6 hours, was cha rac t e r i zed  by increased  heart rate and de l ta  and beta wave 
a c t i v i t y ,  r e f l e c t i n g  e x c i t a t i o n  and stress on f u n c t i o n a l  sys tems as they  
adapted t o  t h e  t a sk .  The second phase, 6-24 hours, showed a s t a b i l i z a t i o n  
of the  parameters a t  approximate b a s e l i n e  values. The d i s t i n c t i v e  f e a t u r e  
of t h e  t h i r d  phase, beginning a t  24-26 hours, was i n s t a b i l i t y  of heart 
rhythm parameters, w i t h  mean va lue  below baseline.  
a c t i v i t y  increased du r ing  t h i s  period, w h i l e  a lpha  wave a c t i v i t y  decreased. 
These parameters are descr ibed  as r e f l e c t i n g  a state of %ompensatedtt 
f a t igue .  The last  phase, beginning a t  36-38 hours, was marked by inc reased  
(by more than 30%) del ta  and theta a c t i v i t y ,  decrease i n  h igh  frequency 
a c t i v i t y ,  and con t inua l  i n c r e a s e  i n  heart rate. Performance data shows a 
marked inc rease  of e r r o r s  beginning i n  the  t h i r d  phase, i.e., a t  about 24 
hours. 

Delta and theta wave 

I n  a second experiment, o p e r a t o r s  rece ived  p re l imina ry  t r a i n i n g  i n  
"Autogenic Training" (AT) ; AT procedures (no t  descr ibed here, but see 
pages 96-98 f o r  a d e s c r i p t i o n )  were fo l lowed every  6 hours, beginning i n  
t h e  first hour of t h e  exper imenta l  period. Opera tors  f o l l o w i n g  these 
procedures showed l e s s  pronounced changes i n  heart rate than  c o n t r o l  
counterparts.  EM3 data from AT-trained o p e r a t o r s  showed higher  l e v e l s  of 
beta a c t i v i t y  throughout t he  period; theta a c t i v i t y  inc reased  only  after 
t h e  36th  hour of work. The a u t h o r s  i n t e r p r e t  these r e s u l t s  as showing t h a t  
AT s lows  the  development of i n h i b i t i o n  i n  t h e  c e n t r a l  nervous system, and 
describe AT-trained o p e r a t o r s  as showing on ly  "compensated f a t i g u e "  up t o  
t h e  l a s t  hour of the  experiment. Although t h e  AT-trained o p e r a t o r s  do show 
a task performance decrement after t h e  39 th  hour, t h e i r  performance is 17% 
better than o p e r a t o r s  i n  a c o n t r o l  group. The a u t h o r s  a l s o  conclude t h a t  
phys io logica l  changes tend t o  precede a s s o c i a t e d  performance decrements by 
1 - 4 hours. 

F igure  1: Changes over time i n  heart rate, s t r e n g t h  of EM3 rhythms, and 
performance e r r o r s  i n  o p e r a t o r s  performing a sensor imotor  t r a c k i n g  t a s k  
du r ing  56 hours  of continuous work 
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Figure 2. Change over time i n  heart rate (11, intensity of EM; rhythms 
(21, and the quality of compensatory tracking performance (3) i n  operators 
using AT-stimulation during 56 hours of uninterrupted t a s k  performance 

a - quality of performance w i t h  AT stimulation; b - quality of performance 
without AT stimulation. 
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P402 (9/86) Nasolodin VV, Rusin V Y a ,  Gladkikh I P .  
Correlation between physical work capacity and certain direct  and indirect  
parameters of trace metal m e t a b o l i s m .  
Cigiyena i San i t a r iya .  

[25 re ferences ;  9 i n  English] 
A f f i l i a t i o n :  Yaroslav Univers i ty ;  K.D. Ushinskiy Pedagogic I n s t i t u t e ,  
Yarosl av 

1986(7): 83-85; 1986. 

Human Performance, Physical Work Capacity, 
Humans, Age Groups 
Metabolism, Trace Metals, N u t r i t i o n  

Abstract: The goal of t h i s  s tudy  was t o  i n v e s t i g a t e  t he  i n t e r r e l a t i o n s h i p  
between p h y s i c a l  work capac i ty  and metabolism of i r o n ,  copper, and 
manganese i n  i n d i v i d u a l s  engaging i n  s t renuous  phys ica l  work. A t o t a l  o f  
76 s u b j e c t s  were s t u d i e d  f o r  a year ,  19 b lacksmi ths  aged 25-45, 24 phys ica l  
educa t ion  s t u d e n t s  aged 18-20, 11 young skiers and 22 school  c h i l d r e n  aged 
13-16. Blood was taken  from t h e  u l n a r  v e i n  i n  fa l l ,  w i n t e r ,  s p r i n g  and 
summer, under f a s t i n g  conditions.  Q u a n t i t y  of hemoglobin, l e v e l  of 
peroxidase a c t i v i t y ,  ceruplasm a c t i v i t y ,  l e v e l  of v i t a m i n  C, t o t a l  amount 
of p r o t e i n  i n  serum, and p r o t e i n  serum f r a c t i o n  were determined us ing  
t r a d i t i o n a l  methods. Phys ica l  work capacity was measured us ing  the  Harvard 
s t e p  test  index. Concent ra t ions  of i r o n ,  copper and manganese i n  plasma 
and blood c e l l s  were a l s o  determined. Rank-order c o r r e l a t i o n s  were 
computed among t h e  parameters, as shown i n  t h e  table. The a u t h o r s  conclude 
t h a t  weak but s i g n i f i c a n t  c o r r e l a t i o n s  e x i s t  between phys ica l  work capacity 
and certain direct  and i n d i r e c t  parameters of trace metal metabolism, 
Metabolism of i r o n  and copper is  c o r r e l a t e d  w i t h  l e v e l  of v i t amin  C, and 
ceruloplasm may affect t h e  concen t r a t ions  of hemoglobin and of i r o n  i n  t h e  
blood. 
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Table: C o r r e l a t i o n s  between phys ica l  work c a p a c i t y  and c e r t a i n  direct  and 
i n d i r e c t  parameters o f  t r a c e  metal metabolism 

Parameters N C o r r e l a t i o n  
C o e f f i c i e n t  

HSTI* - plasma i r o n  220 
HSTI - vi tamin  C l e v e l  216 
HSTI - peroxidase  a c t i v i t y  225 
HSTI - i r o n  i n  blood cel ls  216 
HSTI - copper i n  blood cells  208 
HSTI - Mn i n  blood cells  1 90 
Hemoglobin - plasma i r o n  23 3 
Hemoglobin - t o t a l  p r o t e i n  243 
Hemoglobin - vi tamin  C l e v e l  222 
Plasma i r o n  - vi tamin  C l e v e l  201 
Peroxidase - hemoglobin 2 43 
Peroxidase - e r y t h r o c y t e s  244 
Peroxidase - t o t a l  p r o t e i n  243 
Peroxidase - vi tamin  C l e v e l  213 
Plasma copper - ceruloplasmin 235 
Plasma copper - 2-globulin 242 
Ceruloplasmin - t o t a l  p r o t e i n  244 
Ceruloplasmin - -g lobul in  245 
~ e r u l o p l a s m i n  - vgtamin c 235 
Plasma i r o n  - ceruloplasmin 245 
Hemoglobin - ceruloplasmin 238 
I r o n  - copper i n  blood cells 222 
Copper - Mn i n  blood cel ls  206 

0 .145 ,  
0.184 
0.386 
0.140 
0.221 
0.244 
0.229 
0.360 
0.455 
0.287 
0.217 
0.423 
0.125 
0.315 
0.158 
0.184 
0 3 4 6  
0.206 
0.326 
0.230 
0 577 
0 393 
0.263 

P 

< 0.05 
< 0.02 
< 0.001 
< 0.05 
< 0.01 
< 0.001 
< 0.001 
< 0.001 
< 0.001 
< 0.001 
< 0.001 
< 0.001 
< 0.05 
< 0.001 
< 0.02 
< 0.002 
< 0.001 
< 0.01 
< 0.001 
< 0.001 
< 0.001 
< 0.001 
< 0.001 

* Harvard S tep  Test Index 
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IMINOLOGY 

PAPERS: 

P401(9/86) Shubik VM, Pul'kov VN,  Mashneva N I .  
Immunological parameters following physical exercise under chronic 
exposure to radioactive and non-radioactive toxic chemicals. 
Gigiyena i San i t a r iya .  

[2 re ferences ;  none i n  English] 
A f f i l i a t i o n :  Leningrad S c i e n t i f i c  
RSFSR Ministry of Health 

1986( 7) : 39-41 ; 1986 

Immunology, Nonspecific Immunity, 
Mice 

Research I n s t i t u t e  of Radia t ion  Hygiene, 

Humoral Fac to r s  

Exerc ise ,  Stress; Radiobiology, Radioactive Chemicals; Toxic Chemicals 

Abstract: T h i s  s tudy  used 360 outbred  mice as sub jec t s .  These an ima l s  were 
d iv ided  i n t o  3 groups: Group 1 was g iven  no specific oppor tun i ty  f o r  
e x e r c i s e ;  mice i n  Group 2 (moderate e x e r c i s e )  were g iven  access t o  a n  
exercise wheel on which they averaged 1.5 - 2 km per  day; Group 3 mice were 
forced t o  run on a drum revo lv ing  a t  44 rev/min f o r  30 minutes  2-3 times 
p e r  week; Group 4 was compelled t o  s w i m  i n  warm water 2-3 times per  week 
f o r  30 minutes ca r ry ing  a weight  5% of t h e i r  body weight. 
appa ren t ly  continued f o r  1.5 years, but temporal parameters are not specified. 
Animals i n  each group were either g iven  a normal d i e t ,  o r  fed d a i l y  either 
100 kBq/kg of t h e  r ad ionuc l ide  gOSr o r  a dose of 0.3 mg/kg of stable lead 
o r  both. Immunological s t u d i e s  were performed eve ry  3 months f o r  1.5 years 
and included a number of humoral f a c t o r s  of nonspec i f i c  immunity. 
Parameters measured included b a c t e r i o c i d a l  p r o p e r t i e s  of serum w i t h  respect 
t o  a number of d i f f e r e n t  microorganisms, serum concen t r a t ion  of complement, 
lysozyme, beta l y s i n e s ,  and a n t i -  t i s s u e  complement b inding  au toant ibodies .  

Treatment 

For mice not f e d  t o x i c  subs tances ,  moderate e x e r c i s e  (Group 2 )  i nc reased  
the  s t i m u l a t i o n  of humoral nonspec i f i c  p r o t e c t i o n  parameters by 10-25%, and 
inc reased  t h e  production of a n t i t i s s u e  au toan t ibod ies  by a f a c t o r  of 2.5-4. 
Greater amounts of e x e r c i s e ,  especially when combined w i t h  stress (Group 
4 ) ,  s t imu la t ed  only  some parameters (lysozyme, b-lysine);  bacteriocidal 
properties of serum were decreased 15% i n  mice i n  t h i s  group, compared w i t h  
t h e  controls.  I n  add i t ion ,  concen t r a t ion  of a n t i b o d i e s  i n  t h e  blood 
decreased. 
l ed ,  under a number of condi t ions ,  t o  s t i m u l a t i o n  o f  humoral f a c t o r s  of 
nonspec i f i c  p ro tec t ion ,  i n c r e a s e  i n  product ion  of a n t i t i s s u e  
au toant ibodies ,  depress ion  of fo rma t ion  of a n t i b o d i e s  t o  exogenous 
an t igens ,  and decrease ( w i t h  lead) i n  r e s i s t a n c e  t o  in fec t ion .  Repeated 
moderate exerc ise  on the  exercise wheel preceding t h e  i n g e s t i o n  of 90Sr o r  
concomitant w i t h  long-term i n g e s t i o n  of t h e  r a d i o n u c l i d e  s t i m u l a t e d  t h e  
m a j o r i t y  of t he  humoral parameters measured and l e d  t o  a decrease i n  
format ion  of a n t i t i s s u e  au toant ibodies .  However, i n  t h e  la t ter  case, a 
greater decrease i n  t h e  b a c t e r i o c i d a l  properties of blood serum was 
observed. 
also f a c i l i t a t e d  no rma l i za t ion  of some parameters and concen t r a t ion  of 
a n t i t i s s u e  autoantibodies.  However when the  t o x i c  subs t ances  were 
adminis te red  i n  combination on a long-term basis, e x e r c i s e  d i d  n o t  lead t o  
changes i n  au toant ibodies  and beta- l y s i n e  a c t i v i t y  decreased. 

Prolonged i n g e s t i o n  of gOSr, s table  lead, o r  t h e i r  combination 

More s t renuous  e x e r c i s e ,  combined w i t h  stress and gost- i n g e s t i o n  
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Table 1 :  Immunological parameters i n  w h i t e  mice exposed t o  a combination 
of gOSr and physical exercise 

Table 2: Immunological parameters i n  w h i t e  mice af ter  long-term 
administration of 90Sr, lead, and both toxins 
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LIFE SUPPORT SYSTEHS 

(See a l so :  Botany: P396) 

PAPERS: 

P394( 9/86 ) Manukovskiy NS, Abrosov NS, Kosolapova LG. 
A matheratical model of the oxygenation of wheat straw by microorganisms. 
In:  Kovrov BG and Kordyum VA,  e d i t o r s ,  
Mikroorganizmy v iskusstvennykh ekosistemakh 
Cnicroorganisrs in artif icial  ecosystersl . 
Novosibirsk: Nauka; 1986. See Digest I s s u e  # 7 M78. 
[PP. 166-171 I 

Life Support Systems, CELSS, S u b s t r a t e  Oxygenation, Ce l lu lose ,  L ignin  
Botany, Wheat Straw; Microorganisms 
Mathematical Model 

Abstract: The t h e o r e t i c a l  p o s s i b i l i t y  of b i o l o g i c a l  conversion of wheat 
straw i n  a CELSS has been demonstrated by t h e  USSR Academy of Sciences. 
However, when t h e  proposed technology was implemented i n  de ta i l ,  there were 
s i g n i f i c a n t  problems mainly concerning incomple te  o x i d a t i o n  of the  
subs t r a t e .  Attempts  t o  op t imize  the  process  failed,  and t h e  n a t u r e  of t h e  
l i m i t i n g  f a c t o r s  was unclear. For t h i s  reason, mathematical modeling was 
used t o  analyze t h e  l i m i t i n g  f a c t o r s  which a t t e n u a t e  t he  bioconversion of 
l i g n o c e l l u l o s e  from wheat straw i n  t h e  presence of large q u a n t i t i e s  o f  
s u b s t r a t e  i n  the medium. 
s tud ied  under cond i t ions  of n i t rogen  def ic i t .  The model was based on 4 
b i o l o g i c a l  premises. 1)  Ninety percent of l i g n i f i e d  p l a n t  t i s s u e  c o n s i s t s  
of polysaccharides [C] ( c e l l u l o s e  and hemice l lu lose )  and l i g n i n  [L l .  I n  
wheat straw, the concen t r a t ion  of t h e  l a t te r  reaches 25% of t h e  d ry  t i s s u e  
mass. 
concent ra t ion  of l i g n i n  i n c r e a s e s  from t h e  per iphery  t o  t h e  center.  
there is  a moderate break i n  the  p l a n t  t i s s u e  (s ize  of the  particles 1 m m )  
microorganisms can access o n l y  the  per iphera l  p o r t i o n s  o f  t h i s  layer, which 
face toward t h e  i n t e r i o r  of the ce l l  c a v i t y  and con ta in  r e l a t i v e l y  l i t t l e  
l ign in .  2) Microorganisms cannot d i r e c t l y  assimilate polymers o f  t he  cell  
walls, but operate by means of enzymes exc re t ed  i n t o  t h e  medium. For 
example, hydro lys is  o f  c e l l u l o s e  r e q u i r e s  4 t ypes  of enzymes, and 
hydro lys i s  of hemice l lu lose  r e q u i r e s  s e v e r a l  more. For s i m p l i c i t y ,  these 
enzymes are designated i n  the  model by a s i n g l e  symbol [EC]. How 
microorganisms degrade l i g n i n  w i t h  enzymes is less w e l l  understood. The 
group o f  l i g n o l y t i c  enzymes are des igna ted  [ELp] i n  t h e  model. 
3) Enzymes act  on  the s u r f a c e  of t h e  s u b s t r a t e  [SI and can p e n e t r a t e  t h e  
cell  wall t o  a depth [h]. Enzyme a c t i o n  r e s u l t s  i n  t he  fo rma t ion  of 
r e l a t i v e l y  low-molecular products  -- suga r s ,  P, and phenol compounds P 1  
which are absorbed by the cel ls  of t he  microorganisms [XI .  I n  t u r n ,  t h i s  
leads t o  growth i n  number of cel ls  and a d d i t i o n a l  s y n t h e s i s  of enzymes. 
A s  t h e  cel ls  grow, most t ypes  of microorganisms prefer t o  consume g lucose  
and o t h e r  sugars. Consumption of phenol compounds and s y n t h e s i s  of 
l i g n o l y t i c  enzymes is blocked when there i s  a s u f f i c i e n t  supply  of sugars. 
When t h e  concent ra t ion  of s u g a r s  drops, t he  consumption of products  of t he  
enzymatic decomposition of l i g n i n  and t h e  s y n t h e s i s  of t h e  appropriate 
l i g n o l y t i c  enzymes begins. 

I n  add i t ion ,  t h e  behavior of t h e  system was 

The c e l l  walls of ad jacen t  cells  form a layer  i n  which the  
When 

4) 
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Comparison o f  model-generated and empirical data was a p p a r e n t l y  described 
i n  a previous  paper. Computer implementation of t he  model, facil i tated 
d e r i v a t i o n  of a probable  mechanism underlying t h e  a t t e n u a t i o n  o f  
bioconversion of l i g n o c e l l u l o s e  from wheat straw. 
o f  microorganisms on a s i n g l e  component of t h e  s u b s t r a t e ,  i.e., 
polysaccharides, leads t o  an accumulation of cell biomass and a r e l a t i v e  
i n c r e a s e  i n  t he  propor t ion  of l i g n i n  on t h e  s u r f a c e s  o f  t h e  s u b s t r a t e  
particles. Since t h e  rate of consumption of l i g n i n  i s  a f a c t o r  o f  10-20 
below t h a t  of polysaccharides, t h e  format ion  of products of its degrada t ion  
i s  i n s u f f i c i e n t  f o r  t he  s y n t h e s i s  of growth and l i f e - s u p p o r t i n g  enzymes. 
A s  t h e  concent ra t ion ,  of t h e  first s u b s t r a t e  decreases, a u t o l y s i s  occurs ,  
i n  s p i t e  of the  inc reased  consumption of products  of l i g n i n  degrada t ion  
(see F igure  2). 
u n u t i l i z e d  s u b s t r a t e  depends on t h e  r a t i o s  between the  rates of consumption 
o f  its components. Thus, i f  t h e  ra te  of consumption of l i g n i n  is no less 
than  1 /5 th  t h a t  of c e l l u l o s e ,  then t h e  s u b s t r a t e  i s  a lmos t  f u l l y  oxidized. 
The observed a t t e n u a t i o n  of bioconversion i s  t h u s  related t o  a s h i f t  i n  t h e  
basis f o r  biomass growth -- from c e l l u l o s e  t o  l i g n i n .  

The p r e f e r e n t i a l  growth 

Analysis of t h e  model showed t h a t  t h e  q u a n t i t y  of 

When n i t r o g e n  is l i m i t e d ,  there is a decrease i n  t h e  maximum biomass of 
cel ls  and a corresponding i n c r e a s e  i n  the time requ i r ed  t o  syn thes i ze  
enzymes. 
allows enzyme s y n t h e s i s  but does no t  suppor t  cell  growth, t hen  t h e  
s y n t h e s i s  of l i g n o l y t i c  enzymes i s  s t imu la t ed  and catalysis  of l i g n i n  
i n c r e a s e s .  

If the  concen t r a t ion  of n i t rogen  is maintained a t  a l e v e l  which 

The laws governing the process o f  l i g n o c e l l u l o s e  o x i d a t i o n  der ived  w i t h  t h e  
h e l p  of t h e  mathematical model demonstrate why t r a d i t i o n a l  o p t i m i z a t i o n  
methods had no effect -- because t h e  l i m i t i n g  f a c t o r  was n o t  a c o n t r o l l a b l e  
parameter . 

I 

1 L  
F A  

Ax - a u t o l y s i s  rate 
D - propor t ion  of polysac- 

harides on s u b s t r a t e  

Z - l e v e l  of specific i n t r a -  
s u r f a c e  

c l u l a r  r e s e r v e s  
Other d e s i g n a t i o n s  
expla ined  i n  t e x t .  

F igu re  1. A diagram of t h e  process of o x i d a t i o n  o f  l i g n o c e l l u l o s e  by 
microorganisms. 
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P3 94 

Figure  2. Growth of microorganisms ( X I ,  and removal of c e l l u l o s e  (C) and 
l i g n i n  (L) from t h e  medium (a) over time; rates of c e l l u l o s e  MPC and 
l i g n i n  pL consumption over time (b). 

Figure  3. Lignin o x i d a t i o n  over  time under n i t rogen  de f i c i t  (a) and w i t h  
s u f f i c i e n t  n i t rogen  (b) 
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P393( 9/86) Shepelev YeYa, Shaydorov YuI, Popov VV. 
Hicrobiological  decomposition of plant wastes on a s o l i d  substrate under 
artificial conditions.  
In:  Kovrov BG and Kordyum VA,  e d i t o r s ,  
Mikroorganizmy v iskusstvennykh ekosistemakh 
[I4icroorganisms i n  artificial ecosystems]. 
Novosibirsk: Nauka; 1986. See Digest I ssue  # 7 M78. 
[pages 176-183; 8 r e fe rences ;  none i n  Engl i sh]  

Life Support Systems, Closed Ecologica l  Life Support Systems (CELSS) 
Botany, Higher P l a n t s ,  Wheat, Straw; Microbiology, Decomposition 
S u b s t r a t e  

Abstract: I n  a CELSS, a s o l i d  s u b s t r a t e  such as s o i l  may s e r v e  many 
func t ions ,  e.g., t r ans fo rma t ion  of organic wastes, and supply  of mine ra l s  
and b i o l o g i c a l l y  a c t i v e  subs tances  t o  t h e  plants.  A s tudy  of some of these 
processes  over a long  period of time was performed by pe r iod ica l ly  
i n t r o d u c i n g  p l a n t  r e s i d u e s  I n t o  a solid subs t r a t e .  Minced straw was placed 
i n  a layer i n  a s u b s t r a t e  a t  a depth  of 3-5 cm i n  amounts o f  70 g dry  mass 
pe r  v e s s e l  (2 kg). Hothouse mulch was used. The s u b s t r a t e  and water were 
aerated continuously. I n  some v e s s e l s ,  wheat was grown u n t i l  p l a n t s  
reached an  age of 10 days. To determine gas metabolism, t he  v e s s e l s  were 
h e r m e t i c a l l y  sealed. During the  3 year  experiment,  1.2 kg of straw was 
added t o  each v e s s e l  (36 g/m2 per day). T h i s  is equ iva len t  t o  t h e  rate of 
product ion  i n  a CELSS greenhouse. Ten days after the  straw was added, t h e  
rate of C02 emiss ion  inc reased  by a f a c t o r  of 10 (from 200 t o  2300 ml/day) 
and subsequent ly  decreased t o  i n i t i a l  l e v e l  by day 30. 

It requ i r ed  6 months f o r  an adapted s o i l  biocomplex t o  form. During t h i s  
t i m e  there was a s l i g h t  i n c r e a s e  i n  the weight of the  s u b s t r a t e .  I n  
subsequent months t h e  weight of t he  substrate over a s i n g l e  decomposition 
cyc le  decreased by more than t h e  we igh t  of t he  added straw, due t o  
decomposition of o rgan ic  subs tances  i n  t h e  humus. Near the  end of year 3, 
t h e  ra te  a t  which t h e  straw was transformed i n t o  humus became equal  t o  i t s  
decomposition. After t h e  process s tab i l ized ,  t h e  concen t r a t ion  of 
m i c r o f l o r a  f l u c t u a t e d  as a f u n c t i o n  of the  decomposition cycle. A s  a r u l e ,  
m i c r o f l o r a  inc reased  after the  in t roduc t ion  of straw, and reached its 
maximum on days 12-20 of decomposition, dropping back t o  i n i t i a l  va lue  by 
day 30. 
f l u c t u a t e  s i g n i f i c a n t l y  however. A t  the beginning of t h e  experiment 30 
earthworms and 250 e p k h i t r e i d s  [we cannot de te rmine  what type  of c r e a t u r e  
t h i s  is] were added t o  each vessel.  After 15 months the  number o f  worms 
had s t a b i l i z e d  a t  a mean of 70 per  vessel. The number of e p k h i t r e i d s  

toward i t s  termination. T h i s  sugges t s  t h a t  t h e  s i z e  of t h e  popula t ion  

Amount of ce l lu lose-des t roying  microorganisms and f u n g i  d i d  no t  

I 
I f l u c t u a t e d  throughout the experiment but  showed a tendency t o  decrease 

I developed was greater than  t h e  c r i t i c a l  va lue  f o r  t he  g iven  amount and 
I n a t u r e  of t h e  subs t r a t e .  Growth o f  the wheat biomass i n d i c a t e d  t h a t  
I 
I cycles and inc reased  up u n t i l  t h e  1 2 t h  month. S t a r t i n g  from the  20th  month 
I 

I the  minimal p r o d u c t i v i t y  of t h e  p l a n t  occurred du r ing  e a r l y  decomposition 

(after 8 cycles) biomass growth s t ab i l i zed .  I n i t i a l  i n h i b i t i o n  of growth 
is a s s o c i a t e d  w i t h  immobi l i za t ion  of n i t rogen  and fo rma t ion  o f  toxic 
products  generated by incomple te  decomposition of straw. 
demonst ra ted  t h a t  t h e  format ion  of a stable s e l f - r e g u l a t i n g  s o i l  biocomplex 
is p o s s i b l e  under a r t i f i c i a l  conditions. 

T h i s  experiment 
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P397(9/86)* Sidorenko PG, Zhad'ko SI ,  Popova AF, Karnaukh I M ,  I l l i n  VP. 
On the adaptation of one-celled algae and t i ssue  cultures of higher plants 
to microgravity. 
In:  Kovrov BG and Kordyum VA, e d i t o r s ,  
Mikroorganizmy v iskusstvennykh ekosistemakh 
[Microorganisms i n  artificial ecosystersl . 
Novosibirsk: Nauka; 1986. See Digest I s s u e  # 7 M78 
[pages 61-66; 4 r e fe rences ;  none i n  Engl i sh]  

L i f e  Support Systems, CELSS 
Microorganisms, C h l a ;  Botany, Higher P lan t ,  BaDloD-, Metabolism 
Adaptation, Microgravity,  C l i n o s t a t t i n g  

Abstract: If u n i c e l l u l a r  p l a n t  organisms and t i s s u e  c u l t u r e s  of h igher  
p l a n t s  are t o  be used as components of CELSS on spacecraft, i t  i s  impor t an t  
t o  d iscover  how these organisms adapt t o  space f l i g h t  f ac to r s .  One-celled 
algae m o r  eI,J,,a- (LARG-1 s t r a i n )  and t i s s u e  c u l t u r e s  from a 
h igher  p lan t  W O D a D D U  s nraetis 
c u l t u r e s  were grown i n  l i g h t  and darkness a t  24OC i n  an  agarized n u t r i t i v e  
medium, and the Chlorella c u l t u r e  was grown i n  darkness. Microgravity was 
modeled by means of c l i n o s t a t t i n g  a t  o r  50 r o t a t i o n s  pe r  minute f o r  pe r iods  

selected f o r  u s e  were i n  t h e  l o g a r i t h m i c  (day 7) and s t a t i o n a r y  (day 21) 
growth phases and t h e  Chlorella had been growing f o r  21 days. The cells 
were s tudied  by t h e  biochemoluminescence method, which is one of the  most 
s e n s i t i v e  ways t o  s tudy  t h e  homeostasis o f  b i o l o g i c a l  e n t i t i e s .  T h i s  
method makes it p o s s i b l e  t o  f o l l o w  t h e  i n i t i a l  p rocesses  of metabol ic  
changes of a popula t ion  o f  ce l l s  wi thout  s u b m i t t i n g  them t o  s t r o n g  chemical 
agents.  Cell samples were suspended i n  an i s o t o n i c  s o l u t i o n  w i t h  pH equal  
t o  t h a t  of t h e  c u l t u r e  mi l i eu ,  and chemical luminescence was i n t e n s i f i e d  by 
adding luminole [??I and water. 
us ing  a quantometr ic  luminometer, which i s  s e n s i t i v e  t o  superweak r a d i a t i o n  
fluxes.  For both t y p e s  of cells, c l i n o s t a t t i n g  l e d  t o  s u b s t a n t i a l  changes 
i n  chemoluminescence f o r  cells  grown i n  t h e  dark o r  i n  l i g h t .  The exac t  
na tu re  of t h e  effects of c l i n o s t a t t i n g  depended on growth cond i t ions  and 
phase of growth; however, i n  a l l  cases c l i n o s t a t t i n g  was a s s o c i a t e d  both 
w i t h  i nc reases  and decreases i n  chemoluminescence. C l i n o s t a t t i n g  had t h e  
least effect on cells i n  an a c t i v e  state of p r o l i f e r a t i o n .  These effects 
are represented i n  de ta i l  i n  F igures  1 and 2. The a u t h o r s  i n t e r p r e t  these 
effects as demonstra *-w tha t  u n i c e l l u l a r  p l a n t  organisms respond t o  
c l i n o s t a t t i n g  w i t h  changes i n  t h e i r  me tabo l i c  rates. T h i s  i s  taken  as 
demonstrating t h a t  such cells  are p o t e n t i a l l y  h igh ly  adaptable t o  
weight lessness  and, thus,  are promising cand ida te s  f o r  i n c l u s i o n  i n  
spacecraft l i f e  suppor t  systems. 

were used i n  t h i s  study. The la t ter  

O f  30 minu tes ,  and 1 ,  2 ,  3 ,  6 ,  1 2  or 2 4  hours .  The & D l O D a D D U g  c e l l s  

I n t e n s i t y  of luminescence was measured 
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Figure 1 :  Chemoluminescence of cultured -amus cells i n  response to  
c l i  no s ta t t ing  . 

A - darkness; B - l i g h t ;  a - logarithmic growth phase; b - stat ionary - c l inos ta t t ing  a t  5 rev/min; 2 - 50 rev/min; 3 - 
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I Figure 2: Chemoluminescence of cultured ce l l s  
a - Chlor e u ;  b - 1 - c l inos ta t t ing  at  5 rev/min; 2 - 
control 
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EIbTHEMATICAL UODELING 
(See a l s o :  Life Support Systems: P394; Psychology: P372) 

PAPERS: 

P377(9/86)* Obraztsov IF ,  Konakhevich YuG, Lyapin VA,  Marlin AV. 
Hathematical modeling of kinematic reactions of the human body to i m p a c t .  
Kosmicheskaya Biologiya i Aviakosmicheskaya Meditsina. 

[ 3  re ferences ;  2 i n  Engl i sh]  
20 (4 ) :  37-42; 1986. 

Operational Medicine, Kinematic Reactions 
Mathematical Modeling, Humans 
Impact 

Abstract: T h i s  paper  describes t h e  development of a g e n e r a l  model of 
"kinematic" responses  of t h e  human body t o  impacts as a basis f o r  
development of specific models of t he  effects of va r ious  types  of air- o r  
spacecraft accidents.  For t h i s  purpose t h e  au tho r s  have provided a 
s e l e c t i o n  of k inemat i c  models o f  v a r i o u s  l e v e l s  o f  complexity,  
a formula t ion  a lgor i thm which p e r m i t s  t h e  model t o  be adapted  t o  specif ic  
s i t u a t i o n s  wi thout  l o s i n g  time on i t e r a t i v e  fo rmula t ion  of equations. To 
meet these  cri teria,  t h e  gene ra l  model was based on a method described by 
Wittenburg, which i n c l u d e s  t h e  concepts  o f  graph theory,  and symbolic 
m a t r i x  and t enso r  nota t ion ,  The s t r u c t u r e  of the  model can be descr ibed by 
a graph i n  which t h e  nodes are t h e  bodies being modeled and t h e  arcs are 
j o i n t s ;  t h i s  s t r u c t u r e  is descr ibed  mathemat ica l ly  by an inc idence  matrix. 
The mathematical procedure f o r  developing t h i s  model for a g iven  s i t u a t i o n  
is implemented by a FORTRAN program, which has 4 v a r i a n t s  d i f f e r i n g  i n  
whether a 2- or 3-dimensional system is cons idered  and whether  i n f o r m a t i o n  
on t h e  r a t e  and d i r e c t i o n  of movement of t h e  body as a whole i s  ava i l ab le .  
I n  each version, t h e  fo l lowing  s t e p s  are performed: computation of 
c o n s t a n t s  which are no t  a f u n c t i o n  of time, i n t e g r a t i o n  of equa t ions  of 
motion, c a l c u l a t i o n  of t r a n s p o r t  cri teria,  and comparison w i t h  exper imenta l  
data.  A l l  f o u r  v e r s i o n s  have t h e  same s t r u c t u r e .  Th i s  program 
au tomat i ca l ly  r e c a l c u l a t e s  a l l  the  i n e r t i a l  and dimensional parameters  of a 
k inemat ic  model of any s t r u c t u r e  based on a 17-element model of t h e  human 
body. The program estimates t h e  k inemat i c  r e a c t i o n s  of t h e  human body to  
impacts lasting 10...1000 usec, and is  s u i t a b l e  f o r  t h e  s tudy  of the  
characteristics of such r e a c t i o n s  i n  s imula t ion .  Although its use i n  
specif ic  s i t u a t i o n s  p r e s e n t s  some problems associated w i t h  t h e  
i d e n t i f i c a t i o n  o f  parameters of t he  k inemat i c  models and w i t h  t h e  a n a l y t i c  
d e s c r i p t i o n  of t h e  e x t e r n a l  f o r c e s  a c t i n g  on the body ( p r i m a r i l y ,  con tac t  
and aerodynamic), i t  should prove u s e f u l  for e s t i m a t i n g  t h e  e f f e c t i v e n e s s  
of v a r i o u s  s a f e t y  devices. 

as w e l l  as 

Figure  1: Flow chart  of t h e  program 

F igure  2. 17-element kinematic model of t h e  human body. 

F igure  3: Eight-element model of t h e  human body (1)  and a c c e l e r a t i o n  
impulse ( 2 )  used i n  a s imula t ion .  

F igure  4: Changes i n  coord ina te s  of t h e  c e n t e r  of i n e r t i a  of t h e  head and 
shoulder  po in ts  as a func t ion  of time, for  the  s i t u a t i o n  i n  F igu re  3. 
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METABOLISM: See Human Performance: P402; Nu t r i t i on :  P379; Psychology: P372; 
Radiobiology: P397; P404 

Microbiology: See Li fe  Support Systems: P394 
MORPHOLOGY AND CYTOLOGY: See Botany: P396; Endocrinology: P384 P396 

mscoLosgELETbL SYSTgn 
(See a l s o :  Developmental Biology: P383; Endocrinology: P385, P397) 

PAPERS: 

P36 1 ( 9/86 ) Kirenskaya AV, Koslovskaya I B ,  S i r o t a  Mc. 
The effects of immersion hypokinesia on the characteristic rhythm 
of [act iv i ty  of]  motor units In the soleus muscle. 
F i z i o l o g i y a  Cheloveka. 

C14 r e f e r e n c e s ;  6 i n  English] 
12 (4 ) :  627-632; 1986. 

Musculoskeletal  System, Electrical Ac t iv i ty ,  Soleus 
Humans 
Hypo k i  ne s i  a, Immersion 

Abstract: A s  a s i m u l a t i o n  o f  weightlessness,  7 i n d i v i d u a l s  underwent 5 days  
of immersion i n  water. A c t i v i t y  of motor u n i t s  of the s o l e u s  muscles was 
s t u d i e d  as  s u b j e c t s  performed a task involv ing  t o n i c  maintenance of a 
s t i p u l a t e d  muscular t e n s i o n  (5-1 0% of maximum). Tension was maintained w i t h  
t h e  h e l p  of v i s u a l  feedback on a n  osc i l l o scope  screen. 
made before t h e  beginning of immersion and on days 3 and 5 of t h e  
t rea tment .  Steps were taken  t o  preclude p a r t i c i p a t i o n  of other muscles i n  
t h e  t e n s i o n  maintenance. Motor u n i t  a c t i v i t y ,  measured w i t h  b i p o l a r  
e l e c t r o d e s ,  was recorded on an oscil lograph. To ana lyze  t h e  records ,  t h e  
i n t e r i m p u l s e  i n t e r v a l s  were ca l cu la t ed  and t h e  f o l l o w i n g  manipula t ions  
made: 1) histograms of the  sequence of i n t e r i m p u l s e  i n t e r v a l s  were 
cons t ruc t ed ,  t h e i r  normal d i s t r i b u t i o n  a sce r t a ined  and mean and s t anda rd  
d e v i a t i o n  computed; 2) c o r r e l a t i o n s  between ad jacen t  i n t e r i m p u l s e  i n t e r v a l s  
were computed; 3)  t h e  r e l a t i o n s h i p  between mean and s tandard  d e v i a t i o n  was 
der ived;  4) the l e v e l  of synchronization of the  a c t i v i t y  of s imul taneous ly  
working motor u n i t s  was determined by computing co r re l a t ions .  
hypokinesia d i d  no t  prevent s u b j e c t s  from performing t h e  muscle t e n s i o n  
task. However, i t  was found t o  lead t o  s i g n i f i c a n t  changes i n  p a t t e r n s  of 
motor u n i t  a c t i v i t y  du r ing  task performance: t h e  v a r i a b i l i t y  of 
i n t e r i m p u l s e  i n t e r v a l s  i nc reased  s u b s t a n t i a l l y ;  the percent  of motor u n i t s  
showing synchronized a c t i v i t y  increased; and t h e  mean d u r a t i o n  of t h e  
i n t e r i m p u l s e  i n t e r v a l s  i nc reased  as a r e s u l t  of a c t i v a t i o n  of low-frequency 
motor un i t s .  
they are r e f l e x i v e  i n  nature. The au thors  i n t e r p r e t  these r e s u l t s  as 
sugges t ing  t h a t  d i s r u p t i o n s  of motor a c t i v i t y  after we igh t l e s sness  or its 
s i m u l a t i o n s  are caused by a number of f a c t o r s ,  of which t h e  most impor t an t  
i s  t h e  decrease i n  p ropr iocep t ive  feedback related t o  unloading of t h e  
weight-bearing muscles and decrease i n  muscular tonus. 

Measurements were 

Immersion 

The r a p i d i t y  wi th  which these changes occurred sugges t s  t h a t  
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Table:  Synchronization of motor (MU) u n i t  a c t i v i t y  before and du r ing  immersion 

Tine # 1Iu pairs # studied Synchronized Independent Synchro- 
of 
t e s t i n g  

Base l ine  

Immersion: 

Day 3 

Day 5 

- 

interimpulse k a c t i v i t y  MU a c t i v i t y  nization 
in terva l s  i n  #MI r #no 
each MJ pair pairs  pairs 

6 60 1 0.455 5 

12 60 6 0.727 6 

13 60 5 0.582 8 
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Figure  1: Changes i n  d u r a t i o n  of i n t e r i m p u l s e  i n t e r v a l s  of MU du r ing  
immersion. 
basis of in t e r impu l se  i n t e r v a l  d u r a t i o n  be fo re  immersion and on days 3 and 
5, respec t ive ly .  
t he  course  of immersion. (Abscissa -- time of t e s t i n g ;  Ordina te  -- 
i n t e r impu l se  i n t e r v a l  d u r a t i o n ,  msec) . 

1, 2 and 3 -- his tograms of the  d i s t r i b u t i o n  of MU on the  

4 -- changes i n  mean i n t e r i m p u l s e  i n t e r v a l  d u r a t i o n  i n  
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Figure  2: Standard dev ia t ion  and dura t ion  of in t e r impu l se  i n t e r v a l s  of MU 
du r ing  base l ine  ( 1 )  and on days 3 (2) and 5 (3; of immersion. Abscissa -- 
s t a n d a r d  d e v i a t i o n ,  msec. 1 -- r = 0.70; y = 18.10 k0.23 x [sic.]; 2 -- r 
= 0.73; y = -25.2+0.29X; 3 -- r = 0.82; y = -25.78 + 0.29~. 
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Figure  3: Changes i n  var iance  of in te r impulse  i n t e r v a l s  dur ing  immersion. 
1,  2 and 3 -- histograms of d i s t r i b u t i o n  of va r i ance  fo r  a group of MUS 
before immersion and on days 3 and 5 of immersion, respec t ive ly .  
changes i n  mean va r i ance  du r ing  immersion (Abscissa -- time of t e s t i n g ;  
Ordinate  -- c o e f f i c i e n t  of var iance ,  5 ) .  
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(See a l so :  Adaptation: P403; Developmental Biology: P381; Human 
Performance: P363, P371; Personnel Se lec t ion :  P373) 

PAPERS: 

P362( 9/86) S lav insk iy  YeYu, Tr inus  KF. 
Cortical potentials evoked by threshold vert ical  acceleration i n  humans. 
Fiz io log iya  Cheloveka. 

[ 10 referhces; 1 i n  Engl i sh]  
A f f i l i a t i o n :  A.I. Kolomiychenko S c i e n t i f i c  Research I n s t i t u t e  for  
0 t o l  aryngology , Kiev 

12(4 ) :  651-656; 1986. 

Neurophysiology, Evoked C o r t i c a l  P o t e n t i a l s  
Humans, Men and Women; P a t i e n t s ,  V e s t i b u l a r  Disturbances 
Acceleration, Vertical, Threshold 

Abstract:  S u b j e c t s  i n  t h i s  experiment were 17 hea l thy  a d u l t s  (aged 21-38) 
of both sexes and 2 p a t i e n t s  s u f f e r i n g  from l a b y r i n t h i n e  a r e f l e x i a .  
Threshold vertical  a c c e l e r a t i o n  was produced w i t h  a s p e c i a l l y  modified 
o to la ryngologica l  chair. The threshold  of a c c e l e r a t i o n  a t  which a s u b j e c t  
perceived movement w i t h  eyes c losed  was determined separately f o r  each 
person and then used i n  subsequent trials. C o r t i c a l  p o t e n t i a l  was measured 
w i t h  3 e l ec t rodes  attached t o  the  head. Every 4 t o  5 seconds an EEG record  
512 msec i n  d u r a t i o n  was i n p u t  t o  a computer, a long  w i t h  the  t e n s i o n  i n  t h e  
poten t iometer  which recorded acce lera t ion .  Spectral a n a l y s i s  was performed 
on the  d a t a  recorded i n  the  computer u s ing  Four i e r  t r ans fo rms ,  and degree 
of synchronization of t h e  spectral  components (component synchrony measure) 
was computed. 
v e r t i c a l  acce le ra t ion  of 10-20 cm/sec2. 
conclusions: 1)  Evoked c o r t i c a l  p o t e n t i a l s  can be recorded i n  response t o  
th re sho ld  vertical  acceleration. T h i s  method may be used t o  de te rmine  the  
threshold  of s t i m u l a t i o n  of a person's v e s t i b u l a r  system, p a r t i c u l a r l y  the  
u t r i c u l a r  o to l i t h s .  2) The c o r t i c a l  p o t e n t i a l s  evoked by a c c e l e r a t i o n  f o r  
v a r i o u s  ind iv idua l s  g e n e r a l l y  have ra ther  stable p o s i t i v e  and nega t ive  
components and c o r r e l a t e  w i t h i n  t h e  range of r = 0.6 - 0.9. The spectrum 
of t h e  p o t e n t i a l s  t hus  evoked is concent ra ted  a t  f r equenc ie s  of 4 and 6 Hz. 
The phase synchronization of Four i e r  components of i n d i v i d u a l s  a t  6 Hz is 
approximately twice as great as a t  a frequency of 4 Hz. 3) The induced 
p o t e n t i a l  component a t  6 Hz i n  t h e  spectrum can s e r v e  as a n  o b j e c t i v e  
i n d i c a t o r  of the processes  occur r ing  i n  t h e  specif ic  conduction t ract  i n  
t h e  genes i s  of t h e  a c c e l e r a t i o n  evoked po ten t i a l .  P o t e n t i a l  a t  4 Hz may 
ref lect  sub jec t ive  percept ion  of v e s t i b u l a r  sensa t ions .  4) A t o t a l  o f  10- 
12 data points are s u f f i c i e n t  f o r  r eco rd ing  acceleration-evoked p o t e n t i a l s .  
Biofeedback on theta rhythms is u s e f u l  i n  de te rmining  t h e  v e s t i b u l a r  
t h re sho lds  f o r  the  percept ion  of v e r t i c a l  l i n e a r  acce le ra t ion .  

Percept ion  of movement occurred i n  hea l thy  s u b j e c t s  a t  a 
The a u t h o r s  draw t h e  fo l lowing  

Figure  1. Examples of p o t e n t i a l s  evoked by a c c e l e r a t i o n  i n  a hea l thy  
s u b j e c t  i n  response t o  a c c e l e r a t i o n  of 15 cm/sec2 and i n  a p a t i  n t  w i t h  
l a b y r i n t h i n e  a r e f l e x i a  i n  response t o  a c c e l e r a t i o n  of 40 cm/sec 9 
Figure  2. Spectra of s t r e n g t h  and component synchrony measure of 
a c c e l e r a t i o n  evoked p o t e n t i a l  i n  hea l thy  s u b j e c t s  
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P364(9/86) Petrova YeI, Alekseyeva NS. 
The nystagmic component of the vestibular response i n  diagnosing 
vestibular pathology. 
Vestnik Otor ino- la r ingologi i .  

[8 r e f e r e n c e s ;  2 i n  Engl i sh]  
A f f i l i a t i o n :  Department of Otolaryngology, I.M. Sechenov Medical 
I n s t i t u t e ,  Moscow; S c i e n t i f i c  Research I n s t i t u t e  of Neurology, USSR 

1986(4): 27-31 

Academy of Medicine 

Neurophysiology, V e s t i b u l a r  System, Nystagmus 
Humans, Healthy and P a t i e n t s ,  Vestibular Pathology 
Rota t i o n  

Abstract: 
pathology of t h e  l a b y r i n t h  and related d i so rde r s ,  i n c l u d i n g  i n i t i a l  
symptoms o f  d i s r u p t i o n  of cerebral hemodynamics, were s u b j e c t s  i n  t h i s  
study. S u b j e c t s  were given c l i n i c a l ,  o to l a ryngo log ica l ,  aud io log ica l ,  
v e s t i b u l o m e t r i c ,  rheoencephalographic, u l t rasound and Dopplerographic 
examinations. Characteristics of v e s t i b u l a r  f u n c t i o n  were determined on 
the  basis of sensory,  autonomic and nystagmic r e a c t i o n s  du r ing  and after 
r o t a t i o n .  Sub jec t s  were r o t a t e d  3 consecutive times a t  30, 45, and 
60°/sec, w i t h  a c c e l e r a t i o n  of 15O/sec2 over  t he  course  of a minute and 
i n t e r v a l s  o f  2 minutes between ro ta t ions .  Frequency, amplitude,  and slow 
phase rate were recorded. For normal ind iv idua l s ,  p o s t r o t a t i o n  nystagmus 
was characterized by lef t - r i g h t  symmetry i n  a l l  parameters. 
du r ing  r o t a t i o n  never exceeded -- and f r e q u e n t l y  was less pronounced than  
-0 p o s t r o t a t i o n a l  nystagmus. Nystagmus evoked by caloric i r r i g a t i o n  was 
s imi la r  t o  p o s t r o t a t i o n a l  nystagmus. The p a t i e n t s  showed 3 nystagmus 
pa t te rns .  The first type, characteristic of p a t i e n t s  w i t h  Meniere's 
disease, was marked by lowered v e s t i b u l a r  exc i t a t ion .  The second p a t t e r n  
was marked by s t r o n g e r  nystagmus during than  after r o t a t i o n ,  and by 
asymmetry. T h i s  occur red  i n  p a t i e n t s  who complained of prolonged d i z z i n e s s  
and headache, and o n l y  i n  those under t h e  age of 40. No f o c a l  neu ro log ica l  
symptoms occurred i n  these pa t ien ts .  The t h i r d  p a t t e r n  showed d iminished  
nystagmus both du r ing  and after ro t a t ion ,  w i t h  t he  fo rmer  being more 
pronounced. Those showing t h i s  pattern had pronounced senso ry  and 
autonomic r e a c t i o n s  t o  p o s i t i v e  acce le ra t ion ,  and a lmost  no r e a c t i o n  t o  
t e r m i n a t i o n  of r o t a t i o n .  The t h i r d  type of p a t t e r n  occurred  i n  those over 
40 w i t h  arterial  hypertension, complaining o f  l ong  pe r iods  of d i zz iness ,  
and showing symptoms of impaired brain function. Rheoencephalography 
r evea led  s i g n s  of impaired cerebral blood c i r c u l a t i o n  i n  most of t h e  
s u b j e c t s  w i t h  p a t t e r n s  of the  second and t h i r d  types.  When a group of 20 
a d d i t i o n a l  s u b j e c t s  s u f f e r i n g  from ce reb ra l  c i r c u l a t i o n  d i s o r d e r s  were 
g iven  r o t a t i o n  tests, none showed normal nystagmic p a t t e r n s  and h a l f  showed 
more pronounced nystagmus du r ing  r o t a t i o n  than  after it. Treatment w i t h  
v a s o a c t i v e  subs tances  was e f f e c t i v e  for  a l l  s u b j e c t s  showing t h i s  l a t te r  
p a t t e r n ,  but no t  e f f e c t i v e  f o r  p a t i e n t s  who d i d  n o t  man i fe s t  t h i s  pattern. 
The a u t h o r s  conclude tha t  t h i s  pattern o f  r o t a t i o n a l  nystagmus is an  early 
s i g n  o f  cerebral hemodynamic disorders. To co r robora t e  t h i s  claim, one 
h e a l t h y  s u b j e c t  was maintained i n  a head-down p o s i t i o n  (angle  -30°) f o r  6 
hours. Nystagmic response du r ing  r o t a t i o n  was f o u r  times as great du r ing  
t h e  first hour of head-down tilt than i n  t h e  b a s e l i n e  period. 

Twenty heal thy i n d i v i d u a l s  and 80 p a t i e n t s  s u f f e r i n g  from 

Nystagmus 
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Table: P o s t r o t a t i o n a l  and r o t a t i o n a l  nystagmus i n  p a t i e n t s  and c o n t r o l s  

Group Parameters of Nystagmus 
Duration, Frequency, Amplitude, Slow Phase Rate, 

sec. HZ 0 0.  sec2 

Heal thy ,  a l6Li 9 
( c o n t r o l )  21 11.4 11 

P a t i e n t s  with 
v e s t i b u l a r  dysfunct ion  

P a t t e r n  1 0 0 0 
6.3 7 *2 2.9 

P a t t e r n  2 2L.Q 1zQ zp 
12.6 15.0 4.2 

P a t t e r n  3 31.Q u J L L  
13.0 7.5 1.8 

2dp 
26 .O 

0 
17.1 

2!LQ 
21 .o 

za 
21 .o 

The t o p  number refers t o  r o t a t i o n a l  nystagmus and the  bottom one t o  post- 
r o t a t i o n a l  nystagmus. 

F igures :  Figure 1 .  F i r s t  type  r e a c t i o n  p a t t e r n .  

F igu re  2. Second r e a c t i o n  pattern Greater i n t e n s i t y  o f  r o t a t i o n a l  
nystagmus. 

F igure  3. Thi rd  r e a c t i o n  pa t t e rn .  

F igure  4. Rotational and p o s t r o t a t i o n a l  nystagmus i n  p a t i e n t  V. 

F igure  5. Nystagmic r e a c t i o n  before  and du r ing  head-down tilt. 
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P378(9/86)* Nekhayev AS, Vlasov VD, Ivanov VV. 
Use of central electroanalgesia to facilitate recovery from motion 
sickness. 
Kosmicheskaya Biologiya i Aviakosmicheskaya Meditsina. 

[17 r e fe rences ;  none i n  Engl ish]  
20(4) :  42-44; 1986. 

Neurophysiology, Motion Sickness 
Humans 
Countermeasures, Treatment, E lec t roana lges ia  

Abstract: The goal  of t h i s  experiment was t o  test the  e f f e c t i v e n e s s  of 
c e n t r a l  e l e c t r o a n a l g e s i a  ( s t i m u l a t i o n  of the  c e n t r a l  nervous system w i t h  
p u l s a t i n g  electric c u r r e n t )  on symptoms of motion s i ckness  induced by 
a c c e l e r a t i o n .  Subjec ts  were 9 hea l thy  volunteers  aged 30-45. Sub jec t s  
were exposed t o  angular  and Coriolis acce le ra t ion  t o  the  poin t  of marked 
nausea and the  urge to  vomit. After a 1-hour rest i n t e r v a l  a second 
a c c e l e r a t i o n  se s s ion  was conducted us ing  the same te rmina t ion  criterion. 
I n  t h e  c o n t r o l  condi t ion,  subjects spent t h e  i n t e r v a l  between s e s s i o n s  and 
the  per iod after t h e  second ses s ion  ly ing  down and r e s t ing .  I n  the  
exper imenta l  condi t ion  (apparent ly ,  the  same group of 9 p a r t i c i p a t e d  i n  
both condi t ions ;  o rder  not  s p e c i f i e d )  s u b j e c t s  were exposed t o  c e n t r a l  
e l e c t r o a n a l g e s i a  w i t h  cu r ren t  of 0.5-0.8 mA, frequency of 800-950 Hz and 
dura t ion  of 0.15 msec. Elec t rodes  were attached t o  t h e  forehead below the  
mastoid process,  and t o  t h e  neck. A t  t h e  beginning and end of each 
condi t ion ,  card iovascular  parameters were measured a t  rest and du r ing  a 
p o s t u r a l  test involv ing  a l t e r n a t i n g  5-minute per iods i n  an upr ight  up r igh t  
p o s i t i o n  ( i n c l i n a t i o n  of +No) and t i l t e d  head-down (angle  of -30'). 
Parameters recorded included: heart r a t e ,  RR EKG, pulsed blood pressure ,  
cardiac stroke volume and to t a l  per iphera l  res i s tance .  I n  the postural 
test, the  parameters recorded represented t h e  mean value over  5 minutes i n  
a given pos i t i on ,  as compared t o  t h e  corresponding va lue  f o r  t h e  
hor izonta l .  Before acce le ra t ion ,  the u p r i g h t  p o s i t i o n  l e d  t o  increased  
heart rate and per iphera l  r e s i s t a n c e ,  and decreased stroke volume and blood 
pressure ;  t h e  head-down tilt pos i t i on  led only t o  increased  s t r o k e  volume. 
After a c c e l e r a t i o n ,  s u b j e c t s  experienced p a l l o r ,  copious cold sweat, 
hype r sa l iva t ion ,  pronounced nausea w i t h  t h e  urge to  vomit, d i zz iness ,  
l e t h a r g y  and s leepiness .  No d i f f e r e n c e s  were observed i n  the  rated symptoms 
i n  t he  c o n t r o l  and experimental  conditions.  Some symptoms persisted for  
most c o n t r o l  s u b j e c t s  for  7-10 hours. The time dur ing  which they were able 
t o  tolerate the  second a c c e l e r a t i o n  sess ion  increased  by an average of 
19.1%. I n  upr ight  pos i t ion ,  i nc rease  of heart rate was somewhat greater, 
w h i l e  i n c r e a s e  i n  per iphera l  r e s i s t ance  was somewhat less w i t h  r e s p e c t  t o  
h o r i z o n t a l  va lues  than before  accelerat ion.  The au tho r s  i n f e r  a decrease 
i n  t h e  q u a l i t y  of card iovascular  function. There was also a tendency t o  
bradycardia a t  rest, sugges t ing  an e f f e c t  on the  parasympathet ic  system. 
When s u b j e c t s  were asked t o  perform work ( t a s k  not  specified), 7/9 members 
required cons iderable  e f f o r t  t o  do so. I n  the  experimental  condi t ion,  the  
autonomic symptoms disappeared completely after the  e l e c t r o a n a l g e s i a  

I t reatment .  After the  second acce le ra t ion  se s s ion  and second t rea tment ,  
s u b j e c t s  experienced improved mood, t o  t h e  poin t  of euphoria  i n  one case. 
No decrement i n  work capac i ty  was noted. 
t o l e r a n c e  increased  by 76% from t h e  first session. O f  t h e  9 sub jec t s ,  6 
r e c e i v i n g  e l e c t r o a n a l g e s i a  showed no evidence of effects on the  
parasympathetic system. The postural test showed less evidence of s t r a i n  

j 

I 

I 
I 

I 

Duration of a c c e l e r a t i o n  
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on t h e  card iovascular  system than i n  t he  c o n t r o l  condi t ion .  The  a u t h o r s  
conclude t h a t  c e n t r a l  e l e c t r o a n a l g e s i a  i s  a promis ing  means of prevent ing  
and t r e a t i n g  motion sickness.  

Figure: Changes over  time i n  parameters o f  ca rd iovascu la r  sys tem i n  
response t o  a p o s t u r a l  test. 

Dotted l i n e  -- befo re  a c c e l e r a t i o n ;  dashed l i n e  -- after a c c e l e r a t i o n ;  
s o l i d  -- l i n e  after c e n t r a l  e l ec t roana lges i a .  1 and 2 -- first and 
second time i n  u p r i g h t  posit ion.  Devia t ion  o f  parameters from va lues  
r e g i s t e r e d  i n  t he  h o r i z o n t a l  p o s i t i o n  are cited i n  terms of percentage. 
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(See also: Hematology: P382; Human Performance: P402) 

PAPER: 

P379(9/86)* Bychkov VP, Vlasova TF, Gryasnova VN, Sedova Y e A ,  Sivuk AK, 
Tret 'yakova VA,  Ushakov AS. 
The biological value of the protein included i n  the rations of the crews 
of the Yhlyut. orbital  stations.  
Kosmicheskaya Bio logiya  i Aviakosmicheskaya Meditsina. 

17 r e fe rences ;  none i n  Engl i sh]  
20(4) :  44-48; 1986. 

N u t r i t i o n ,  B io log ica l  Value; Metabolism, P r o t e i n  
Humans 
Cosmonaut Rat ions  ( S a l y u t ) ,  Pro te in ;  Hypodynamia, Hermetic Q u a r t e r s  

Abstract: This  paper describes three experiments i n v e s t i g a t i n g  t h e  
b i o l o g i c a l  va lue  of the  p r o t e i n  components of f r eeze -d r i ed  foods  contained 
i n  t h e  r a t i o n s  of "Salyut" space  s t a t i o n  crews. I n  t h e  first s tudy  10 male 
v o l u n t e e r s  consumed special r a t i o n s  f o r  60 days. 
consumed, 15% were freeze-dried and 85% were preserved by o t h e r  methods. 
The 2880 c a l o r i e  a day d i e t  cons i s t ed  of 141 g p ro te in ,  94 g fat ,  346 g 
carbohydra tes ,  0.7 g calcium, 1.7 g phosphorus, 0.4 g magnesium, 2.8 g 
potassium, and 4.2 g sodium. Sub jec t s  rece ived  t h e i r  meals i n  t h e  
l abora to ry ,  but o the rwise  maintained a normal schedule. I n  t h e  second 
experiment,  4 male s u b j e c t s  p a r t i c i p a t e d  i n  a 68-day study. An 
exper imenta l  d i e t  was consumed dur ing  t h i s  e n t i r e  period. Throughout t h e  
first 20 days,  called the base l ine ,  s u b j e c t s  o t h e r w i s e  maintained a normal 
schedule. During the  next  42 days, t h e y  l i v e d  i n  a small he rme t i ca l ly -  
sealed compartment. S t a r t i n g  on day 6 t h e  atmosphere of t h i s  compartment 
contained ca. 2 mg/m3 ammonia The last 6 days of t h e  68-day per iod  were 
cons idered  a follow-up period. Subjects '  r a t i o n s  contained up t o  65% 
freeze-dried food. The d a i l y  r a t i o n  t o t a l l e d  3300 c a l o r i e s  and contained 
159  g p r o t e i n ,  131 g f a t ,  396 g c a r b o h y d r a t e s ,  0.9 g c a l c i u m ,  2.5 g 
phosphorus, 0.5 g magnesium, 3.8 g potassium, and 6.1 g sodium. I n  t h e  
t h i r d  experiment,  t he  d i e t  was enriched w i t h  a number of n u t r i t i v e  
subs t ances  suggested by t h e  r e s u l t s  of the  two previous  s tud ies .  These 
subs t ances  (glucose,  phosphat ide concentrate,  v i tamins ,  and mine ra l s )  are 
cons idered  t o  have a normal iz ing  effect on metabolism dur ing  pe r iods  of 
emot iona l  stress. The d i e t  cons i s t ed  mainly of f r e e z e  d r i e d  foods,  but 
conta ined  some dishes prepared from fresh foods  and subsequently frozen. 

fa ts ,  420 g carbohydrates,  1.1 g calcium, 2.3 g phosphorus, 0.4 g 
magnesium, 4.6 g potassium, and 6.0 g sodium. The s u b j e c t s ,  6 men, 
consumed t h i s  d i e t  f o r  16 days under normal condi t ions ,  fo l lowed by 14 days 
of hypokinesia wi th  head-down tilt (-8O) and a 26-day recovery period. 

O f  t h e  foods they  

I Conta in ing  3400 ca lo r i e s /day ,  t h e  d i e t  cons i s t ed  o f  152 g p r o t e i n s ,  133 g 
I 

I 
L 

I 

I 
I I n  t he  first experiment,  no d e v i a t i o n s  from normal p r o t e i n  metabolism were 

noted and body weight d i d  n o t  change s ign i f i can t ly .  
experiment,  p r o t e i n  a s s i m i l a t i o n  was r e l a t i v e l y  h igh  (87%); on ly  one 
s u b j e c t ,  who was overweight a t  t h e  s t a r t ,  l o s t  weight (5.5 kg). No 
s t a t i s t i c a l l y  s i g n i f i c a n t  changes i n  t h e  p r o t e i n  f r a c t i o n s ,  t o t a l  p ro t e ins ,  
free amino acids i n  t h e  blood, nor i n  r e n a l  e x c r e t i o n  of end products  o f  
n i t r o g e n  metabolism were noted. Nitrogen ba lance  was p o s i t i v e  i n  t h e  

I n  t h e  second 
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pre l iminary  and follow-up periods, and c l o s e  t o  0 i n  t h e  sealed 
compartment. I n  t h e  t h i r d  experiment ,  s u b j e c t s  r e t a i n e d  normal a p p e t i t e  
l e v e l s  and experienced no d i g e s t i v e  problems. The p r o t e i n  a s s i m i l a t i o n  
r a t i o  and p ro te in  conten t  i n  the  d i e t  i n d i c a t e d  t h a t  t h e  s u b j e c t s  were 
getting 124 g p r o t e i n  per  day before and after hypodynamia, and 106 g/day 
du r ing  the t reatment .  During t h e  b a s e l i n e  period, t he  s u b j e c t s  had normal 
l e v e l s  of urea,  c r e a t i n i n e ,  and u r i c  acid i n  t h e i r  blood serum. There was 
some i n c r e a s e  i n  t h e  concen t r a t ion  of u rea  on day 7 of hypodynamia and some 
decrease i n  c r e a t i n i n e  on days 7 and 14, appa ren t ly  a t t r i b u t a b l e  t o  
decreased motor a c t i v i t y .  
i n c r e a s e  i n  uric acid. During the  recovery per iod these parameters 
r e tu rned  t o  normal. 
amount of p r o t e i n  i n  blood serum a t t r i b u t a b l e  t o  decreases i n  albumin, 
component g lobul ins ,  and immunoglobulins. However, i n  s p i t e  of these 
decreases the  parameters remained w i t h i n  normal l eve l s .  Changes i n  free 
amino acids i n  blood plasma and u r i n a r y  e x c r e t i o n  of  t o t a l  n i t rogen ,  urea,  
ammonia, and u r i c  acid i n  t h e  m a j o r i t y  of  cases remained w i t h i n  normal 
l i m i t s .  By the end of  t h e  hypodynamia period, l e v e l s  of methionine,  
aspartic acid,  and g lu t amic  acid had decreased s i g n i f i c a n t l y .  Nitrogen 
ba lance  remained p o s i t i v e  before and after hypokinesia  and was 0 du r ing  
hypokinesia. The a u t h o r s  conclude t h a t  t he  diets tested supply  s u f f i c i e n t  
p r o t e i n s ,  even under s i m u l a t i o n s  o f  weight lessness .  They recommend the 
d i e t  v a r i a n t  used i n  t h e  t h i r d  experiment ,  which u t i l i z e d  a more v a r i e d  set 
of products  and contained supplements  in tended  t o  c o r r e c t  f o r  t h e  effects 
of emotional  stress. 

On days 12 and 14 of hypodynamia there was an  

During hypodynamia, there was a decrease i n  t h e  t o t a l  
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OPERATIOUAL lIEDICIlE 

(See a l so :  Mathematical Modeling: P377) 

PAPERS: 

P365(9/86) Bodrov, VA. 
The problem of flight crew fatigue. 
Voyenno-meditsinskiy Zhurnal. 

[No r e f e r e n c e s ]  
A f f i l i a t i o n :  [Military] Medical Corps. 

1986(5): 40-43. 

Opera t iona l  Medicine, Fa t igue  
Humans, F l i g h t  Crews 
Review Article; C l a s s i f i c a t i o n  System 

Abstract: This a r t i c l e  is concerned wi th  d e s c r i p t i o n  and c l a s s i f i c a t i o n  of 
f a t i g u e  i n  f l i g h t  crews. " F l i g h t  fatigue" is def ined  as a f u n c t i o n a l  s ta te  
i n  a p i l o t  o r  o t h e r  f l i g h t  crewmember which occur s  as a r e s u l t  of meeting 
the  demands o f  f l i g h t ,  accompanied by psychological and nervous t e n s i o n  and 
o t h e r  adverse  f ac to r s .  It invo lves  d i s rup t ion  of a number of func t ions ,  
and a decrease i n  the  e f f e c t i v e n e s s  and q u a l i t y  of performance. 
of f l i g h t  f a t i g u e  are d i s t ingu i shed  and t h e i r  causes,  symptoms and 
recommended t r e a t m e n t s  o u t l i n e d  as follows: 

Four degrees 

I Manageable f a t i g u e  
A Causes: short-term occurrence of moderate demands 
B Symptoms 

1 P r o f e s s i o n a l  
a E f f i c i e n c y  and l e v e l  of job performance: no t  impaired 
b Behavior: no t  affected 

a S u b j e c t i v e  
2 Func t iona l  

1 )  General state: t i red  a t  end of f l i g h t  s h i f t  o r  l ong  f l i g h t  
2) Sleep: no t  impaired 
3) A t t i t u d e  toward f l i g h t s :  normal 

b Objec t ive  (phys io log ica l ,  psychological,  biochemical, autonomic, 
and neuro logica l ) :  S l igh t  changes i n  autonomic f u n c t i o n s  (at  end 
of f l i g h t  s h i f t  o r  l ong  f l i g h t )  

C Measures to  r e s t o r e  normal functioning: short-term rest 

I1 Acute f a t i g u e  
A Causes: short-term occurrence of in t ense  demands 
B Symptoms 

1 P r o f e s s i o n a l  
a Ef f i c i ency  and l e v e l  of j o b  performance: no t  impaired (sometimes 

b Behavior: S l i g h t  d e t e r i o r a t i o n  

a S u b j e c t i v e  

decreases a t  end of f l i g h t  s h i f t  o r  l o n g  f l i g h t )  

2 Func t iona l  

1)  General state: t i r ed  a t  end of f l i g h t s ,  l i s t l e s s n e s s ,  wear iness  
2) Sleep: n o t  impaired (sometimes d i f f i c u l t y  i n  f a l l i n g  asleep) 
3 )  A t t i t u d e  toward f l i g h t s :  normal 
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C 

I11 
A 
B 

b Objective (phys io logica l ,  psychological,  biochemical, autonomic, 
and neurological):  decreased s e n s i t i v i t y  of senses ,  impairment of 
autonomic f u n c t i o n s  ( a t  end of f l i g h t  o r  f l i g h t  s h i f t )  

Measures t o  r e s t o r e  normal func t ioning:  short-term rest 

Chronic f a t i g u e  
Causes: repeated occurrence of i n t e n s e  demands 
Symptoms 
1 Profess iona l  

a Eff ic iency  and l e v e l  of j o b  performance: s i g n i f i c a n t l y  i m p a i r e d  

b Behavior: d e t e r i o r a t e s  t o  s i g n i f i c a n t  e x t e n t  (a t  end o f  f l i g h t  o r  
(at end of f l i g h t  o r  f l i g h t  s h i f t )  

f l i g h t  s h i f t  
2 Functional 

a Subjec t ive  
1 )  General state: Cons tan t ly  t i r e d  throughout t h e  f l i g h t ,  g e n e r a l  

2) Sleep: d i f f i c u l t y  i n  falling asleep and waking up, 

3) At t i t ude  toward f l i g h t s :  stress, decrease i n  i n t e r e s t ,  l o s s  o f  

weakness, decrease i n  a p p e t i t e  

d i s rup ted  s leep 

confidence 
b Objective (phys io logica l ,  psychological,  biochemical, autonomic, 

and neuro logica l ) :  marked decrease i n  sensory  s e n s i t i v i t y ,  
d i s r u p t i o n  of autonomic func t ions ,  d e t e r i o r a t i o n  o f  c o g n i t i v e  
processes, changes i n  biochemical parameters, neu ro log ica l  
impairment ( a t  end of f l i g h t  or f l i g h t  s h i f t )  

C Measures t o  r e s t o r e  normal func t ion ing :  prolonged rest 

I11 Exhaustion 
A Causes: repeated, long-term occurrence of i n t ense ,  excess ive  demands, 

B Symptoms 
accompanied by phys io logica l  changes 

1 Profess iona l  
a Eff ic iency  and l e v e l  of job performance: s h a r p l y  impaired 

t o  the po in t  of commission of e lementary  errors and f a i l u r e  t o  
perform f l i g h t  mission 

b Behavior: d e t e r i o r a t e s  s h a r p l y  throughout t he  f l i g h t  o r  f l i g h t  s h i f t  

a Subjec t ive  
2 Functional 

1 )  General state: Unremi t t ing  f a t i g u e ,  even i n  t h e  absence of 
demands, apathy, i r r i t a b i l i t y ,  pa in  i n  t h e  area of the  heart, 
loss of a p p e t i t e ,  etc. 

s l eep iness  du r ing  t h e  day, etc. 

decrease i n  awareness, a l e r t n e s s  du r ing  f l i g h t  

2) Sleep: d i f f i c u l t y  i n  f a l l i n g  asleep and waking up, insomnia, 

3) At t i tude  toward f l i g h t s :  l o s s  of i n t e r e s t ,  i n d i f f e r e n c e ,  

b Objective (phys io log ica l ,  biochemical,  autonomic, and neuro logica l ) :  
marked decrease i n  pe rcep tua l  s e n s i t i v i t y ,  d i s r u p t i o n  of autonomic 
functions,  d e t e r i o r a t i o n  of c o g n i t i v e  processes,  changes i n  
biochemical parameters, neu ro log ica l  impairment (throughout f l i g h t  
o r  f l igh t  s h i f t ,  l a s t i n g  weeks o r  months) 

C Measures t o  restore normal func t ioning:  t r e a t m e n t  and medical 
r e h a b i l i t a t i o n  
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P380(9/86)* Kozlovskiy AP, Lushchikov YeA. 
Human tolerance of skin contact with high heat. 
Kosmicheskiy Biologiya i Aviakosmicheskaya Meditsina. 

[6 r e fe rences ;  1 i n  English] 
2O(J+): 53-55; 1986. 

Opera t iona l  Medicine, Tolerance, Skin, Arm 
Humans, 
High Temperatures 

Abstract: Heating of t h e  o u t s i d e  of space s u i t s  can i n c r e a s e  the  
tempera ture  of t he  i n t e r n a l  s u r f a c e s  which are i n  con tac t  w i t h  the skin. 
T h i s  experiment was designed t o  determine t h e  l i m i t  of human t o l e r a n c e  of 
high t empera tu res  i n  con tac t  w i t h  t h e  skin.  S u b j e c t s  were 22 males, aged 
26 t o  45. Heat was a p p l i e d  t o  a n  area of 1.6-10-3 m2 on t h e  s k i n  of t h e  
i n s i d e  of t h e  forearm, a n  area selected fo r  its s e n s i t i v i t y .  To s i m u l a t e  
a c t u a l  space s u i t  condi t ions ,  the  contact area was covered w i t h  c o t t o n  or  
wool material. Actual E V A  cond i t ions  were f u r t h e r  s imula t ed  by app ly ing  a 
p res su re  of (O.5d.1)*lO5 n/m2 on t h e  heated material. 
t h e  s u b j e c t  i n s e r t e d  h i s  arm i n t o  a hea t ing  c a b i n e t  and pressed it a g a i n s t  
t he  con tac t  se rv ice .  Other areas of the arm and hand were p ro tec t ed  by a 
heat screen. The c r i t e r i o n  of t h e  upper t o l e r a n c e  l i m i t  was unbearable 
pain.  A t o t a l  of 182 t r i a l s  were performed: 110 w i t h  c o t t o n  and 72 w i t h  
wool fabric. For tempera ture  va lues  ranging from 60-180° C, cu rves  were 
cons t ruc t ed  relating p r o b a b i l i t y  of unbearable pa in  and d u r a t i o n  o f  
contact. Heat-flow va lues  corresponding t o  the  con tac t  t empera tu res  us ing  
t h e  formula  f o r  s t a t i o n a r y  thermal conduct iv i ty  and cu rves  relating 
t o l e r a n c e  t o  heat f low were constructed,  The au tho r s  conclude t h a t  their  
methodology is adequate for  use i n  t e s t i n g  space s u i t s  and s e l e c t i n g  t h e i r  
thermal characteristics. 

Heat was app l i ed  as 

t 
Figure  1: P r o b a b i l i t y  of occurrence 
c o t t o n  (a) and wool (b) fabric w i t h  

Abscissa -- con tac t  temperature;  

I 

i 

I 
I pain  occurr ing .  
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of unbearable pa in  i n  con tac t  w i t h  
varying exposure times. 
o rd ina te  -- p r o b a b i l i t y  o f  unbearable 

F igure  2. Equiprobable curves  of t h e  to le rance  l i m i t  of con tac t  w i t h  high 
temperatures.  

F igure  3: Heat t o l e r a n c e  l i m i t s  
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PERCEPTION 
(See a lso :  H a b i t a b i l i t y  and Environment Effects: P375; 

Human Performance: P36 3) 

PAPER: 

P392(9/86)* Malinin I D ,  Ponomarenko VA. 
Characteristics of visual monitoring of information on instruments during 
flight requiring maneuvers. 
Kosmicheskaya Biologiya i Aviakosmicheskaya Meditsina. 

[12 re ferences ;  2 i n  Engl i sh]  
20(4) :  4-7; 1986. 

Perception, Eye F ixa t ions ,  Instrument Dials 
Humans, P i l o t s  
F l i g h t  Maneuvers, P i t c h ,  Bank 

Abstract: The g o a l s  of t h i s  s tudy  were t o  de te rmine  the  q u a n t i t a t i v e  
p r i n c i p l e s  underlying the d i s t r i b u t i o n  of eye f i x a t i o n s  among t h e  v a r i o u s  
d i a l s  of a f l i g h t  and nav iga t ion  in s t rumen t  panel; t o  develop a taxonomy of 
the  sequen t i a l  p a t t e r n s  of f i x a t i o n  and the i r  psychologica l  c o r r e l a t e s ;  and 
t o  i d e n t i f y  the dynamic f e a t u r e s  of eye movements du r ing  f l i g h t  as a 
f u n c t i o n  of type  of f l i g h t  task being performed by a p i l o t .  Four p i l o t s  
w i t h  "first class" l i c e n s e s  participated i n  t h e  series of experiments. The 
experimental  appara tus  combined a f l i g h t  t r a i n i n g  s i m u l a t o r  w i t h  an  eye 
movement monitor. P i l o t s  were requ i r ed  t o  perform t h e  f o l l o w i n g  maneuvers: 
take-off,  ascent /c l imb w i t h  l e f t  banking, ho r i zon ta l  f l i g h t ,  l e f t  360' t u r n  
w i t h  bank of 30°, r i g h t  360' t u r n  w i t h  bank of 30°, d i v e  w i t h  p i t c h  of 30°, 
ascending s p i r a l  w i t h  '>anking o f  30°, descending sp i r a l  w i t h  banking of 
30°, landing  on au tomdt ic  p i lo t .  Eye movement data i n d i c a t e d  t h a t  between 
50 and 70% of the t o t a l  time t h e  p i l o t s '  eyes  were focused on i n s t r u m e n t s  
r e l e v a n t  t o  main ta in ing  the angular  spat ia l  coord ina te s  of t he  aircraft  
a long  the  p i t c h  and bank axes,  w i t h  t h e  p i t c h  r ead ing  comprising the  
largest por t ion  o f  t h e  f i x a t i o n .  The amount of time spen t  focused on 
r ead ing  the bank ang le  is cons iderably  greater f o r  l e f t  t u r n s  and spirals  
than f o r  r i g h t  t u r n s  and spirals. The a u t h o r s  conclude from the i r  data 
t h a t  the  degree of t ens ion  a s s o c i a t e d  w i t h  pe rce iv ing  and process ing  
informat ion  is not  dependent on t h e  number of i n s t rumen t s  involved p e r  se, 
but is  determined by t h e  s u b j e c t i v e  s i g n i f i c a n c e  of the  parameter being 
c o n t r o l l e d  and its p r o b a b i l i t y  o f  changing. The a u t h o r s  d e f i n e  f i x a t i o n  
cycles as d i v i s i o n  of a t t e n t i o n  e x c l u s i v e l y  between two i n s t r u m e n t s  o r  
d ia l s  during a g iven  per iod  of time. They conclude t h a t  t h e  m a j o r i t y  of 
c y c l e s  involve a l t e r n a t i o n s  between p i t c h  and bank a n g l e  readings ,  and t h a t  
t he  n a t u r e  of these cyc le s  -- and p a r t i c u l a r l y  t he  percentage of time spen t  
focus ing  on them -- is a f u n c t i o n  of f l i g h t  task being performed. The 
au tho r s  i n t e r p r e t  t h e i r  r e s u l t s  as sugges t ing  t h a t  du r ing  f l i g h t  maneuvers 
the p i l o t  i s  no t  merely checking t h e  in s t rumen t  r ead ings  a g a i n s t  expected 
va lues ,  but is using the  r ead ings  f o r  ongoing s o l u t i o n  of q u a n t i t a t i v e  
problems involv ing  pairwise r e l a t i o n s  between two parameters. 
t h r u s t  of t h e  t h e o r e t i c a l  a n a l y s i s  is t h a t  i n s t rumen t  f l i g h t  is no t  j u s t  an  
automated, r e l a t i v e l y  mechanical process  invo lv ing  performance of movements 
t o  main ta in  in s t rumen t  readings ,  but rather invo lves  a c t i v e  problem 
so lv ing .  

The gene ra l  
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Table 1 :  Visual monitoring during performance of a f l i g h t  mission (% 
of the total time devoted t o  looking at  each instrument d i a l )  

Table 2: Major variants  and amount of time devoted to f i x a t i o n  cyc le s  i n  
the overall structure of at tent ion distribution by p i l o t s  ( i n  % of total 
time ) 
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PERSONNEL SELECTION 

(See a l s o :  B io log ica l  Rhythms: M97) 

FAPERS: 

P373(9/86)*Kotovskaya AR, Vil'-Vil'yams I F ,  Luk'yanyuk VYu. 

Kosmicheskaya Biologiya i Aviakosmicheskaya Meditsina. 

[ 9  re ferences ;  4 i n  Engl i sh]  

Tolerance of mn-pilots of varying age to 4, acceleration. 

20(4 ) :  25-29; 1986. 

Personnel Se lec t ion ,  P i l o t s ,  Cosmonauts 
Humans, Age Di f f e rences  
Neurophysiology, Tolerance,  Acce le ra t ion ,  +G, 

Abstract: A t o t a l  of 96 nonp i lo t  male s u b j e c t s ,  aged 21-50, were ass igned  
t o  one o f  6 age groups (a t  f i v e  year i n t e r v a l s )  and accelerated on a 
c e n t r i f u g e  i n  t h e  head-pelvis (4,) d i r e c t i o n ,  up t o  a l e v e l  of 3-5 x 
g r a v i t y ,  l a s t i n g  30 seconds. Rate of i n c r e a s e  and decrease of a c c e l e r a t i o n  was 
0.2g/second, and the  i n t e r v a l  between consecut ive  a c c e l e r a t i o n s  was 10-1 5 
minutes. Subjects,  who were hea l thy  and had never before  experienced 
acce le ra t ion ,  were advised t o  t e n s e  the muscles of t he i r  stomachs and legs, 
but no countermeasures were administered. Acce lera t ion  t o l e r a n c e  was 
assessed using an  unspec i f ied  procedure. Phys io logica l  parameters such 
as heart r a t e ,  blood p res su re  and r e a c t i o n  time t o  a l i g h t  s i g n a l  were 
a l s o  recorded. All s u b j e c t s  t o l e r a t e d  a c c e l e r a t i o n s  o f  3- and 4-g well. 
S u b j e c t s  aged 31-40 showed the  bes t  t o l e r a n c e ,  w i t h  those on e i ther  end of 
the  continuum showing somewhat decreased tolerance.  Symptoms o f  decreased 
t o l e r a n c e  varied w i t h  age. S u b j e c t s  aged 21-25 tended t o  show symptoms 
i n d i c a t i v e  of decreased blood supply  t o  t h e  b r a i n  (drop i n  s y s t o l i c  blood 
p res su re  and p u l s e  s t r e n g t h ,  loss of consciousness,  etc.). Older s u b j e c t s  
were more l i k e l y  t o  be l i m i t e d  by d i s r u p t i o n s  of cardiac rhythm (e.&, 
group o r  po ly t ropic  ex t r a sys to l e ) .  Younger i n d i v i d u a l s  were much more 
l i k e l y  t o  r eac t  t o  a c c e l e r a t i o n  w i t h  i nc reased  heart rate. After 
t e r m i n a t i o n  of a c c e l e r a t i o n ,  the  blood p res su re  of the  o l d e s t  group (aged 
41-45) required s i g n i f i c a n t l y  more time t o  r e t u r n  t o  normal than  t h a t  of 
the  youngest group (21-25). S u b j e c t s  over  40 were more l i k e l y  t o  show 
autonomic responses such as pa leness  and weakness af ter  the  c e n t r i f u g e  
stopped than were t h e  o t h e r  subjec ts .  I n  s p i t e  of t h e  age d i f f e r e n c e s ,  the  
good o r  s a t i s f a c t o r y  a c c e l e r a t i o n  t o l e r a n c e  shown by the m a j o r i t y  of t h e  
older group is i n t e r p r e t e d  by t h e  a u t h o r s  as sugges t ing  t h a t  many 
i n d i v i d u a l s  over 40 could tolerate space f l i g h t  wi thout  medical problems. 



PSYCHaOGY 

(See a l so :  Body Flu ids :  P400; Cardiovascular and Respi ra tory  Systems: P366; 
P399; Developmental Biology: P381; Endocrinology: P384; 

Human Performance: a l l  e n t r i e s )  

PAPERS: 

P372(8/86)* Kan YeL, Kupriyanov VA, Korovin KF, Malinovskaya 00. 
Biochemical parareters of emotional stress i n  air traffic controllers. 
Kosmicheskaya Bio logiya  i Aviakosmicheskaya Meditsina. 

117 r e fe rences ;  none i n  English] 
20(4) :  22-25; 1986. 

Endocrinology, Sympathetic-adrenal System; Metabolism, L i p i d s  
Humans, A i r  Traffic C o n t r o l l e r s  
Psychology, Human Performance, Job S t r e s s ;  Man-machine Systems, Automation 

Abstract: T h i s  s tudy  was performed on 23 a i r  t ra f f ic  c o n t r o l l e r s  (male, 
aged 20-30) a t  the  Pulkovo airport. 
computerized a i r  t raff ic  c o n t r o l  system (group 1) and 4 [sic.; poss ib ly  141 
(group 2)  wi th  a computerized system. The state of t h e  sympathetic-adrenal 
system was assessed on the  basis of concent ra t ions  of ep inephr ine ,  
norepinephrine,  dopamine, and DOPA i n  u r ine  c o l l e c t e d  ove r  a +hour period 
of un in t e r rup ted  work du r ing  t h e  daytime s h i f t  (930-1  230) .  Base l ine  
parameters were obta ined  from ur ine  sampled from t h e  same i n d i v i d u a l s  
du r ing  the same hours on  t h e i r  days off. Blood serum was obta ined  before  
and a f te r  t h e  work s h i f t ,  and a number of l i p i d  metabolism parameters were 
measured. These included: t o t a l  l i p i d s ,  t o t a l  beta and pre-beta 
l i p o p r o t e i n  f r a c t i o n s ,  t o t a l  choles te ro l ,  free f a t t y  acids and t o t a l  
phospholipids. S u b j e c t s  d i d  n o t  eat  f a t s  on the  day of the experiment. Job  
performance was a s s o c i a t e d  w i t h  increased ep inephr ine  e x c r e t i o n  i n  a l l  
s u b j e c t s  and inc reased  norepinephrine exc re t ion  i n  approximately h a l f  t he  
s u b j e c t s  i n  both groups, t e s t i f y i n g  t o  t h e  development of marked emot iona l  
stress. The a u t h o r s  state t h a t  a greater i n c r e a s e  i n  ep inephr ine  than  i n  
norepinephr ine  i n d i c a t e s  t h a t  the stress had a greater emot iona l  than 
c o g n i t i v e  component. Although c o n t r o l l e r s  working w i t h  the  computerized 
system handled a greater workload, t h e i r  e x c r e t i o n  o f  ca techolamines  
i n d i c a t e d  a lower  l e v e l  of stress than t h e  group us ing  the  noncomputerized 
system. [Editor's note: t h i s  i s  not  c l e a r l y  demonstrated by data i n  Table 
1.1 Both groups showed a decreased norepinephrinelepinephrine e x c r e t i o n  
r a t i o  af ter  the work sh i f t .  This pa t t e rn  o f  response t o  emot iona l  and 
c o g n i t i v e  stress is descr ibed by t h e  authors as being more characteristic 
of hyper tens ive  i n d i v i d u a l s  than  healthy ones. Both groups d i sp layed  
inc reased  e x c r e t i o n  of dopamine and decreased e x c r e t i o n  of DOPA, and 
i n c r e a s e  i n  t he  r a t i o  of epinephrine+norepinephrine+dopamine : DOPA, 
i n d i c a t i n g  t o  t h e  a u t h o r s  a decrease i n  t h e  r e s e r v e  capac i ty  of the  
sympa the t i c  ad rena l  system associated wi th  inc reased  fo rma t ion  of 
ca techolamines  from DOPA. No s i g n i f i c a n t  effects were found i n  
concen t r a t ion  of blood l i p i d s ;  however, most of t h e  i n d i v i d u a l s  were found 
t o  have ve ry  high normal o r  h igh  values of the  l i p i d  metabolism parameters 
measured. 

O f  these, 9 worked w i t h  a non- 
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Table 1: Excretion of catecholamines and DOPA ( i n  ng/min) of a i r  t raff ic  
c o n t r o l l e r s  before  (1) and after (2) work s h i f t  

Group Work- Epineph- Norepineph- Dopamine DOPA NA:A A+NA+DA: 
load r i n e  r i n e  DOPA 

1 2 1  2 1 2 1 2 1 2  1 2  
1 (non- 16.5 3.4 15.4* 12.9 36.l* 56.3 79.6 17.7 17.6 3.8 2.3 4.1 7.4 
computerized ) 
2(compu- 28.2 4.7 15.9* 14.7 36.0* 55.6 84.2' 18.8 17.5 3.1 2.3 4.0 7.8 
t e r i z e d  

* P < 0.05 compared t o  base l ine  

Table 2: Lip id  metabolism parameters i n  a i r  t r a f f i c  c o n t r o l l e r s  before  
and after work s h i f t  
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P368(9/86) Arlashenko NI, Oparina DYa, Adamchik ZhG, Sheyn V I .  
Comparison of methods for studying the p h y s i c a l  work capacity of 
irradiated animals. 
I z v e s t i y a  Akademii Nauk SSSR: Se r iya  Biologicheskaya. 

[24 r e f e r e n c e s ;  4 i n  Engl i sh]  
A f f i l i a t i o n :  I n s t i t u t e  of Biomedical Problems, USSR Min i s t ry  o f  Health, 

1986(4): 577-583. 

Radiobiology, P o s t i r r a d i a t i o n  Physical Work Capaci ty  
Rats, Mice 
Measurement Methods 

Abstract: Th i s  paper compares the results of tests of methods f o r  s tudying  
phys ica l  work c a p a c i t y  of small l abora to ry  an ima l s  which had p rev ious ly  
been irradiated. 
moving a t  0.5 m/sec w i t h  a ho r i zon ta l  i n c l i n a t i o n  of loo hor izonta l .  
animals had t h e  choice of running on t h i s  device  o r  remaining on an  
e lectr i f ied gr id  ( c u r r e n t  = 40 V). 
t o  equal  the  amount of work performed before t h e  an imal  chose t o  remain on 
the  grid.  The second method tested involved compelling t h e  animal t o  s w i m .  
I n  t h e  v a r i a n t  used by the  au thors ,  a rat was fo rced  t o  s w i m  w i t h  a weight  
20% of its body weight attached wi th  a harness,  p revent ing  i t  from 
f loa t ing .  Animals were removed as soon as they  began t o  s ink ,  t h u s  
e l i m i n a t i n g  swallowing water and choking. The t h i r d  test involved 
measuring the  amount of time rats were able t o  cling t o  a v e r t i c a l  pole?? 
[paradigm not  described]. T h i s  was real ly  a measure of s ta t ic  endurance and 
t h e  de r ived  estimates of work capacity can b e s t  be expressed i n  a rb i t ra ry  
uni t s .  I n  t h e  p re sen t  study, t h e  authors gave these 3 tes t s  of phys ica l  
work c a p a c i t y  immediately,  and 1, 2, 3, 6 and 12 hours and 1 and 3 days 
after i r radiat ion Work capacity was expressed i n  terms of percentage of 
the  corresponding c o n t r o l  va lue  (derived by t e s t i n g  non i r r ad ia t ed  rats). 
Rats i n  t he  exper imenta l  group were irradiated w i t h  gamma rays (dose ra te  
0.81 Gy/sec.) and pulsed high vo l t age  e l e c t r o n s  (dose rate: 0.34 Gy/sec.) 
i n  doses o f  5; 7.5 and 10 Gy. I n  another experiment,  mice were compelled, 
30 times i n  a row, t o  s w i m  a f i x e d  d i s t ance  i n  warm water t o  a r e s t i n g  
place. Mean swimming time of t r i a l s  20, 25 and 30 were used as  the measure 
o f  i n t e r e s t .  A t o t a l  of 400 outbred r a t s  and 60 male mice were used i n  t h e  
v a r i o u s  experiments. Resu l t s  o f  these exper iments  are compared i n  F igu res  
1 and 2. A l l  3 methods f o r  estimating d e c l i n e  of work c a p a c i t y  after 
i r r a d i a t i o n  show clear drops  i n  t h i s  parameter as r a d i a t i o n  dose increases .  
However, t he  r e l a t i o n s h i p  appears less pronounced w i t h  t h e  treadmill 
method. The au tho r s  b e l i e v e  t h a t  t h e  f ixed-d is tance  swimming test has 
advantages over t h e  o t h e r  3 methods, s ince  i t  e l i m i n a t e s  t h e  stress 
involved  when an ima l s  reach u t t e r  exhaustion. Th i s  method c l e a r l y  shows 
t h e  sha rp  decrease i n  a c t i v i t y  a t  t h e  h e i g h t  of r a d i a t i o n  s ickness ,  and i ts  
i n c r e a s e  du r ing  t h e  per iod of apparent r e t u r n  t o  normal. The au tho r s  
recommend the  use of t h i s  method t o  supplement t h e  o t h e r  3, which mainly 
provide  an  i n d i c a t i o n  of the t o t a l  l eve l  of r e s o u r c e s  an  an imal  can summon 
t o  s a v e  i t s  l i f e .  

I n  one test ,  rats were compelled t o  run a long  a treadmill 
The 

Physical work capacity was considered 
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FigL,.-.a 1; P h y s i c a l  endurance of rats estimated on t h e  b a s i s  o f  tests: 
treadmill (A ) ,  s ta t ic  endurance (B), swimming t o  exhaus t ion  (C); 
determined a t  va r ious  pe r iods  after i r r a d i a t i o n :  immediately - 1 ,  after 1 
hour 2, after 2 hours - 3, after 6 hours - 4, after 12 hours - 5, after 1 
day - 6, after 3 days. Ordinate - l eng th  of time an ima l s  cont inues  t o  
perform a c t i v i t y  i n  I$ of c o n t r o l ;  abscissa - r a d i a t i o n  dose, Gy. 

F igu re  2: Mean swimming speed for  a l i m i t e d  d i s t a n c e  by a group of 
non i r r ad ia t ed  mice (11, and groups of mice irradiated i n  doses of 5 (21, 
7.5 (3) and 10 Gy. Ordinate: s w i m m i n g  speed, m/sec.; Abscissa: time 
e lapsed  a f t e r  i r r a d i a t i o n ,  days; F1 and F2 are first and second test 
be fo re  i r r a d i a t i o n .  
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P397(9/86) Kolomiytseva I K ,  Novoselova YeG, Kulagina TP, Potekhina N I ,  
Kaznacheyev YuS, Markevich LN, Kuzin, AM. 
Lip id  m e t a b o l i s m  i n  rat t issues after radiation doses leading t o  
interphase cell death. 
Radio b io logiya .  

[18 r e f e r e n c e s ;  8 i n  English] 
Authors' A f f i l i a t i o n :  I n s t i t u t e  of Bio logica l  Physics ,  USSR Academy of 
Sc iences ,  Pushchino 

X X V I ( 3 ) :  313-317; 1986. 

Radiobiology, In t e rphase  Cell Death, Metabolism, L i p i d s ;  Lymphocytes, 

Rats, Males 
Gamma I r r a d i a t i o n  

Thymocyte 9, Live r  

Abstract: 
gamma rays a t  a dose rate of 3 Gy/minute, w i t h  t o t a l  dose vary ing  from 
c o n d i t i o n  t o  condition, Blood and tissue samples were appa ren t ly  obta ined  
a t  d i f f e r e n t  i n t e r v a l s  after i r r a d i a t i o n ,  bu t  t h i s  is not specified. Rats 
were g iven  3.7 MBq of Na 2-14C-acetate by i n j e c t i o n  1 hour before  they  were 
sacrificed. 
glucose,  0.8% ci t ra te  Na and 4% NaCl i n  water w i t h  a pH of 6.1, and 
lymphocytes p rec ip i t a t ed  out. 
Number of dead cells was counted. 
lymphocytes, thymocytes, and l i v e r s  of irradiated and c o n t r o l  rats. 
Thymocytes were s tud ied  i n  rats i r radiated a t  4 and 7.5 Cy. 
after rats were irradiated a t  a dose of 4 Gy, 
thymus had disappeared;  after 10-15 days t h e  normal number of cel ls  had 
been res tored .  I r r a d i a t i o n  of 7.5 Gy led t o  d e s t r u c t i o n  of 75-805 of t h e  
thymus cells  and no recovery was noted. 
i nc reased  i n c l u s i o n  of Na 2-14C-acetate i n  the  phospholipid f r a c t i o n  of 
t o t a l  l i p i d s .  The most pronounced changes involved t h e  i n c l u s i o n  of the  
marker i n  choles te ro l .  I n c l u s i o n  of the marker was a t  a maximum 1 hour 
af ter  i r r a d i a t i o n ,  but subsequently declined. The larger dose of 
i r r a d i a t i o n  l e d  t o  s u b s t a n t i a l  changes i n  l i p i d  composition of thymocytes, 
as shown i n  Table 1. A t  t h e  high dose of i r r a d i a t i o n  there  was l i t t l e  
change i n  t he  i n c l u s i o n  of t he  marker i n  t o t a l  thymus l i p i d s ,  w h i l e  its 
i n c l u s i o n  i n  c h o l e s t e r o l  s t ead i ly  decreased. The a u t h o r s  conclude t h a t  a 
r a d i a t i o n  dose o f  4 Gy s t i m u l a t e s ,  w h i l e  a dose of 7.5 Gy i n h i b i t s ,  
s y n t h e s i s  of choles te ro l .  

I n  t h i s  experiment male Wistar rats were i r radiated w i t h  6o CO 

Fresh blood was d i l u t e d  twice w i t h  a s o l u t i o n  con ta in ing  2% 

Thymocytes were obta ined  from thymus t i s sue .  
L ip ids  were e x t r a c t e d  from the  

Seven hours 
55% of the  cells of t h e  

The lower dose of r a d i a t i o n  l e d  t o  

Lymphocytes were s t u d i e d  i n  ra t s  irradiated a t  4 and 10 Gy. P a t t e r n s  of 
i n c l u s i o n  of t h e  marker i n  c h o l e s t e r o l  of t h e  lymphocytes i n d i c a t e d  t h a t  
both doses  of r a d i a t i o n  accelerated t h e  s y n t h e s i s  of c h o l e s t e r o l ,  but t o  a 
more pronounced e x t e n t  w i t h  t h e  lower  dose. When t o t a l  l i p i d s  were 
examined, there was no s t a t i s t i c a l l y  s i g n i f i c a n t  i n c r e a s e  over c o n t r o l  
leve l .  
l ower  dose, but depressed by the  higher one. For ty-e ight  hours  after ra t s  
were irradiated a t  200 and 270 Gy, there was a s i g n i f i c a n t  decrease i n  
q u a n t i t i e s  of p ro te in ,  c h o l e s t e r o l  and c h o l e s t e r o l  esters i n  t h e  l i v e r .  
These doses accelerated s y n t h e s i s  of t o t a l  l i p i d s .  The dose of 200 Cy o n l y  
accelerated s y n t h e s i s  of phospholipids i n  t h e  l i v e r .  A dose of 200 Gy and, 
t o  a lesser e x t e n t  270 Gy, i nc reased  c h o l e s t e r o l  synthes is .  The a u t h o r s  
conclude t h a t  i r r a d i a t i o n  of animals i n  doses  l e tha l  f o r  a g iven  popula t ion  
of cells  causes  a number of s h i f t s  i n  l i p i d  metabolism, the  n a t u r e  of which 

Syn thes i s  of t o t a l  phospholipids was somewhat s t i m u l a t e d  by t h e  
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depends on dose leve l .  When dosage approaches a l e v e l  l e tha l  t o  80-90s of 
the cel ls  t h e r e  i s  a l o s s  of c h o l e s t e r o l  and the  a c t i v a t i o n  of l i p o g e n e s i s  
noted a t  lower doses is replaced by i n h i b i t i o n .  
described as adaptive. 

Effects a t  lower  doses  are 

Table  1: Q u a n t i t i e s  of l i p i d s  and p r o t e i n  i n  thymocytes of rats i r rad ia ted  
a t  7.5 GY 

Tire after Free Cholesterol Total phospho- Protein content 
irradiation, cholesterol, esters, l ip ids ,  ug P per cell, u g 1 ~ 5  
minutes ug/mg protein per mg protein 

0 10 .oo 1.03 1.60 
2 8.10 1.09 1.45 

60 6 .OO* 1.10 1.50 
120 5.90, 2.14' 1.40 

4.20 
4.10 
3.94 
4.20 

* p < 0.05, d i f f e r e n c e  from c o n t r o l  

Table  2: Effect of gamma i r r a d i a t i o n  i n  doses  of 200 and 270 Gy on the  
weight ,  l iver weight and q u a n t i t i e s  of p r o t e i n  and l i p i d s  i n  t h e  l i v e r s  of 
rats 48 hours af ter  i r r a d i a t i o n  

Radiation Body Liver Proteins, Cholesterol Cholesterol Phospho- 
Dose, Gy w e i g h t ,  weight, mg/g esters, l ip ids ,  

g g ug/w protein 

Control 160 6 .O 23 8 5.7 2.5 105.7 
200 --- --- 190' 4.60' 1.53 90 
270 92 7.9 180' 3.95* 0.92* 117 

* d i f f e r e n c e  from c o n t r o l ,  p < 0.05 

Figure  1: Inc lus ion  of Na 2-14C-acetate u v i t r Q  i n  thymocyte l i p i d s  of 
rats i n  a con t ro l  group and a group irradiated a t  a dose o f  4 Gy 

Figure  2: Quant i t ies  of free c h o l e s t e r o l  i n  thymocytes of rats irradiated a t  
doses o f  4 and 7.5 Gy 

Figure 3: Inc lus ion  of Na 2-14C-acetate u vitro i n  thymocyte l i p i d s  of 
rats i n  a con t ro l  group and a group irradiated a t  a dose o f  7.5 Gy 

Figure  4: The effects of gamma i r r a d i a t i o n  on t h e  i n c l u s i o n  of Na 2-14C- 
acetate b v i t r Q  i n  lymphocyte l i p i d s  of pe r iphe ra l  blood of rats 

Figure  5: Inc lus ion  of Na 2-14C-acetate 
48 hours after i r r a d i a t i o n  

vitro i n  l i v e r  l i p i d s  of rats 
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P398(9/86) Grigor 'yeva YeV,  Pozharisskaya TD, Chigareva NG. 
The effect of radioprotective agents on the epithelium of the mucous 
membrane of the wall intest ine in irradiated animals. 
Radiobiologiya. 

[6 r e fe rences ;  3 i n  English] 
Authors' a f f i l i a t i o n :  S.M. Kirov Academy of M i l i t a r y  Medicine, Leningrad 

XXVI(3): 410-413; 1986. 

G a s t r o i n t e s t i n a l  System 
Rats 
Radiobiology, Gamma I r r a d i a t i o n ,  Countermeasures, Radiopro tec t ive  Agents 

Abstract: S u b j e c t s  i n  t h i s  experiment were outbred  male rats i r radiated 
w i t h  gamma quanta  a t  a dosage of 10 Gy and dose rate of 1.9 Gy/min. 
two r a d i o p r o t e c t i v e  agents ,  cystamine in a dose of 150 mg/kg and S-(w- 
aminopropy1)-beta-aminoe thy l th iophosphor ic  acid [APAETP] i n  a dose of 
100 mg/kg, was i n j e c t e d  i n t r a p e r i t o n e a l l y  20 minutes before i r r a d i a t i o n .  
G a s t r o i n t e s t i n a l  f u n c t i o n  was evaluated by abso rp t ion  of a s t a i n  (uranin).  
The i n t e s t i n a l  system was s t u d i e d  using histoautoradiography. 3-H- thymidine 
was i n j e c t e d  i n t r a p e r i t o n e a l l y  on days 1 and 3 after irradiation. Animals 
were sacrificed 1 o r  24 hours after the i n t r o d u c t i o n  of the  i so type .  The 
number of e p i t h e l i a l  cells i n  c r o s s  s e c t i o n s  of t h e  c r y p t s  and f o l l i c l e s ,  as 
w e l l  as the number of mi toses  and marked cells were c a l c u l a t e d  from X-rays of 
the  small i n t e s t i n e  s t a i n e d  w i t h  hematoxylin and eosin.  Absorption of t h e  
g a s t r o i n t e s t i n a l  tract had a l r eady  decreased t o  60% of c o n t r o l  l e v e l  24 
hours  af ter  i r r a d i a t i o n  i n  an ima l s  r ece iv ing  no r a d i o p r o t e c t i v e  agents. 
Subsequently, abso rp t ion  f u r t h e r  declined. When t h e  r a d i o p r o t e c t i v e  agen t s  
were adminis te red ,  abso rp t ion  dec l ined  only  15 and 20% on day 1, 20 and 35% 
on day 2, and 20 and 45% on day 3, w i t h  cystamine and APAETP, r e spec t ive ly .  

One of 

Effects o f  i r r a d i a t i o n  and r ad iop ro tec t ive  agen t s  on morphological 
parameters of t h e  i n t e s t i n a l  c ryp t s  and fo l l i c l e s  are presented i n  Table  1. 
These data show t h a t  t h e  a g e n t s  used s t imu la t ed  recovery  of the  ep i the l i a l  
c r y p t s  of t h e  small i n t e s t i n e .  Three days after i r r a d i a t i o n ,  cystamine was 
found t o  have a greater effect than  APAETP. Inc rease  i n  the number of 
marked cells  24 hours after in t roduc t ion  of t h e  r a d i o a c t i v e  i s o t o p e  i s  the  
r e s u l t  of t he  d i v i s i o n  of cells which had absorbed the  i s o t o p e  i n  t h e  first 
hour after i t s  i n t r o d u c t i o n .  I n  unt rea ted  c o n t r o l  an ima l s  t h i s  number had 
inc reased  by a f a c t o r  of 5.6; i n  i r radiated unpro tec ted  an ima l s  by a f a c t o r  
of 2.6; and i n  an imals  protected by cystamine and APAETP, by a factor of 5 
and 3.3 respec t ive ly .  The a u t h o r s  i n t e r p r e t  these r e s u l t s  as i n d i c a t i n g  
t h a t  cystamine is more e f f e c t i v e  i n  preventing pos t -mi to t ic  dea th  of 
e p i t h e l i a l  cel ls  i n  t h e  mucous membrane of t h e  small i n t e s t i n e .  This  i n  
t u r n  may be used t o  e x p l a i n  the  relative e f f e c t i v e n e s s  of the two a g e n t s  on 
g a s t r o i n t e s t i n a l  function. 
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Table  1: The effect  of r a d i o p r o t e c t o r s  on parameters  of c r y p t s  and 

5H-thymidine 
o l l i c l e s  on day 2 after i r r a d i a t i o n  and 24 hours  after a d m i n i s t r a t i o n  of 

Condition N N u m b e r  of cells i n  N u m b e r  of H a x i r u m  d i s tance  
crypt and foll icle mitoses i n  of marked cell f r o m  
Total Harked crypt fo l l ic le  base 

Untreated 8 183 90.8 2.4 
Contr o l  (16.6) 

10 Gy 4 68.7 12 0.65 
(4.6) 

10 Gy + 4 90.6 24.5' 2.11 
c y s t  amine (4.9) 

10 Gy + 4 98.3 21 .l* 2.2* 
APAETP (6.4) 

57.7 

3.6 

14* 

6.8 

Numbers i n  parentheses  are number of marked cells  1 hour after 
adminis t ra t ion  of 3H- thymidine 

* Difference from i r r a d i a t i o n  a lone  s i g n i f i c a n t  a t  p < 0.05 

Figure  1: I n t e n s i t y  of f luorescence  of u ran in  i n  blood plasma of mice 
irradiated a t  a dose of 10 Gy and pro tec ted  w i t h  cystamine or APAETP 

F igure  2: Effect of r ad iop ro tec to r s  on t h e  ep i the l ium of c r y p t s  of  t h e  
small i n t e s t i n e  after i r r a d i a t i o n  i n  a dose of 10 Gy w i t h  p r o t e c t i o n  by 
cystamine o r  APAETP 
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P404( 9/86) Khanina N Y a ,  Desnitskaya MM. 
Lipidogram, isoenzyme spectrum and total activity of nonspecific esterases 
of blood serum in rats exposed to a constant magnetic f i e ld .  
Patologicheskaya F i z i o l o g i y a  i Eksperimental 'naya Terapiya. 

[: 18 r e fe rences ;  3 i n  Engl i sh]  
Authors' a f f i l i a t i o n :  Ka l in in  Medical I n s t i t u t e  

1986(2): 26-29. 

Radiobiology, Enzymology; Metabolism, Lip id  Metabolism 
Rats 
Magnetic F i e l d ,  Constant 

Abstract: S u b j e c t s  of t h i s  experiment were whi te  male rats. The 
exper imenta l  group was exposed t o  a cons tan t  magnetic f i e l d  created by an  
e lec t romagnet  w i t h  i nduc t ion  of 0.008T. The polar s u r f a c e  was 100 X 100 mm 
i n  area. The experiments were performed dur ing  t h e  f a l l  and win ter .  The 
an ima l s  were placed between the po le s  f o r  pe r iods  of 1 hour for  3 
consecut ive  days a t  t h e  same time of day. A c o n t r o l  group was exposed t o  
i d e n t i c a l  cond i t ions  w i t h  t he  exception of t h e  magnetic f i e l d .  T h i r t y  
minutes after exposure, an ima l s  were s a c r i f i c e d  and concen t r a t ions  o f  very  
low d e n s i t y  and low d e n s i t y  l i p i d s ,  c h o l e s t e r o l  esters, f ree  c h o l e s t e r o l ,  
t r iglycerides,  free f a t t y  acids, and phospholipids were determined. 
Animals exposed t o  t he  magnetic f i e l d  showed inc reased  t o t a l  f r a c t i o n s  of 
low d e n s i t y  and very  low d e n s i t y  l i p i d s ,  but no q u a l i t a t i v e  changes i n  
i n d i v i d u a l  l i p o p r o t e i n  f r a c t i o n s .  Ratios o f  low t o  high d e n s i t y  l i p i d s  were 
i d e n t i c a l  i n  both groups, i n d i c a t i n g  tha t  q u a n t i t y  of high d e n s i t y  l i p i d s  
had a l s o  increased. The l i p i d  spectrum of t h e  blood was altered i n  an ima l s  
exposed t o  t h e  magnetic f i e l d ,  w i t h  p ropor t ions  of t o t a l  c h o l e s t e r o l ,  
c h o l e s t e r o l  esters and free f a t t y  acids i n c r e a s i n g  a t  t h e  expense of t h e  
o t h e r  components. A t  the  same time, t o t a l  esterase a c t i v i t y  dropped t o  
0.39 ug of alpha-naphthol per 1 m l  blood serum i n  an  hour, w h i l e  t h e  
comparable f i g u r e  i n  the  c o n t r o l  was 0.57 ug. Enzymograms of blood serum 
esterase f o r  exper imenta l  and c o n t r o l  an imals  were similar; however, rats 
exposed t o  the  magnetic f i e l d  showed greater a c t i v i t y  of t h e  slow moving 
f r ac t ions .  When p rose r ine  (a deac t iva to r  of a c e t y l c h o l i n e s t e r a s e s )  was 
added, a c t i v i t y  of slow moving enzymes was i n h i b i t e d ,  demonst ra t ing  t h a t  
exposure to  a magnetic f i e l d  i n c r e a s e s  a c e t y l c h o l i n e  esterase a c t i v i t y .  
When u n i t h o l  (d imercapry l  BP) was administered t o  ra ts  p r i o r  t o  exposure t o  
t h e  magnetic f i e l d ,  hyper l ipemia  was avoided. The a u t h o r s  c o n j e c t u r e  tha t  
t he  effects  observed are related t o  the a c t i v a t i o n  of the sympathe t ic  
nervous system, t o  inc reased  s y n t h e s i s  of l i p o p r o t e i n s ,  and t o  decreased 
rates of ca tabol i sm and release from the blood v e s s e l s  because of the  
d i s r u p t i o n  of the  func t ion ing  of l i p o l y t i c  enzymes. 

Table 1: Concentration of c h o l e s t e r o l  and t o t a l  f r a c t i o n  o f  very  low 
d e n s i t y  and low d e n s i t y  l i p i d s  i n  blood serum of rats exposed t o  a cons t an t  
magnetic f i e l d  before  and after admin i s t r a t ion  of u n i t h i o l  

Table  2: L i p i d  p r o f i l e  of blood serum from rats exposed t o  a cons t an t  
magnetic f i e l d  

Figure:  Isoenzymes of esterase i n  t h e  blood serum of ra ts  exposed t o  a 
cons t an t  magnetic f i e l d  
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CONFERENCE REVIEW: 

CR4(9/86)* Ratner GS. 
Review of s e s s i o n s  devoted to: Problems i n  Aviation and Space Hedicine, 
Biology and Psychology at the XVth Gagarin Scientific Lectures. 
In :  Kosmicheskaya Bio logiya  i Aviakosmicheskaya Meditsina. 
20( 4)  : 88-94. 

Translation: The XVth Gagarin S c i e n t i f i c  Lec tu res  were held between 1 and 
10 A p r i l  1985. They were dedica ted  t o  t he  40th ann ive r sa ry  of t h e  v i c t o r y  
of t h e  Sovie t  people i n  t h e  Great Patriotic War of 1941-1945, and the  25 th  
anniversary  of t h e  Center f o r  Cosmonaut Training. The p lenary  s e s s i o n s  
took place a t  t he  Hall of Columns i n  t h e  House of Unions i n  Star City,  and 
a t  t h e  I n s t i t u t e  f o r  Problems i n  Mechanics of t h e  USSR Academy o f  Sciences. 
The first s e s s i o n  inc luded  the  p r e s e n t a t i o n  of a paper by P ro fes so r  A.D. 
Yegorov, e n t i t l e d  Biomedical problems of long-term space flight.  The 
speaker analyzed t h e  b i o l o g i c a l  effects of we igh t l e s sness  and o t h e r  space 
f l i g h t  f a c t o r s  on t h e  human body, based on a s y n t h e s i s  of t h e  r e s u l t s  of 
research and experience w i t h  space f l igh ts .  The i d e n t i f i e d  p r i n c i p l e s  and 
der ived  recommendations have enabled humans t o  perform a c t i v e  work i n  space 
f o r  record pe r iods  of time. The speaker a l s o  i n d i c a t e d  some f u t u r e  
d i r e c t i o n s  f o r  research, i n c l u d i n g  s t u d i e s  on a c c e l e r a t i n g  a d a p t a t i o n  t o  
weight lessness  and r e a d a p t a t i o n  t o  Earth 's  g rav i ty .  

Two papers were presented a t  the  gene ra l  meeting of t h e  s e c t i o n  on Problems 
of aerospace medicine and psychology, chaired by Academician O.G. Gazenko. 
0.Yu At'kov, USSR Pilot-Cosmonaut and cand ida te  i n  medical s c i ences ,  
d i scussed  h i s  research i n  t h e  course of a 237-day f l i g h t  on t h e  " S a l y ~ t - 7 ~ ~  
o r b i t a l  s ta t ion .  I n  a l l ,  34 types  of biomedical measurements were taken, 
i nvo lv ing  more than 300 exper imenta l  sessions.  The major i s s u e s  addressed 
by t h e  research  program were: i n t e n s i v e  s t u d i e s  of the  ca rd iovascu la r  
system using t h e  "Argument" S o v i e t  u l t rasound system and t h e  French 
"Echograph" in s t rumen t ;  s tudy  of t h e  f u n c t i o n s  and i n t e r a c t i o n s  of t h e  
v e s t i b u l a r  and v i s u a l  systems and t h e  mechanisms under ly ing  motion 
s i ckness ;  and biochemical s t u d i e s  of blood and urine. The major 
innovat ions  i n  t h e  u t i l i z a t i o n  of countermeasures were the  use of more 
s t renuous  phys ica l  e x e r c i s e  on t h e  cond i t ion ing  and bicycle  ergometer 
appara tus ,  and new provoca t ive  tests. During t h e  f l i g h t  the  crew r e t a i n e d  
a high l e v e l  of work capac i ty ,  enabl ing  them t o  complete t h e i r  e n t i r e  
program of work. 

The experiments performed on board t h e  o rb i ta l  complex suppor t  t h e  
conclusion t h a t  t he  human body passes through two stages of a d a p t a t i o n  t o  
weight lessness ,  viz., a c u t e  and s table  adaptation The a c u t e  stage las ts  
from 2-3 days t o  a week. During t h e  i n i t i a l  hours  of f l i g h t ,  there is an  
i n c r e a s e  in venous r e t u r n  o f  blood t o  t h e  heart, accompanied by f l u i d  
s h i f t s ,  p r imar i ly  t o  t h e  upper body. This  leads t o  a l t e r a t i o n s  i n  v a s c u l a r  
and c a r d i a c  r e f l e x e s  r e s u l t i n g  i n  a moderate decrease i n  blood p r e s s u r e  and 
s l i g h t  tachycardia. The Henry-Gauer response occurs ,  u l t i m a t e l y  l e a d i n g  t o  
a decrease i n  t he  volume of c i r c u l a t i n g  blood. 
v e s t i b u l a r  system a l s o  undergoes adaptation. 
stage of stable adaptation. 
a t t a i n m e n t  of ba lances  i n  t h e  r e d i s t r i b u t i o n  and pool ing  of blood and i n  
e x c r e t i o n  of t h e  necessary  f lu id .  

During t h i s  per iod ,  t he  
Subsequent t o  t h i s  is t h e  

The most impor t an t  e l emen t s  of t h i s  stage are 

By these means, t h e  body a t t a i n s  a new 
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phys io log ica l  homeostasis. 
crewmembers throughout t h e  237-day o r b i t a l  f l i g h t  and the  changes which 
occurred i n  phys io log ica l  parameters were r eve r s ib l e .  

No pathologica l  changes were noted i n  t h e  

A paper by I.A. Skib i ,  I.K. Tarasova and V.V. Kalinichenko was devoted 
t o  problems i n  biomedical p repa ra t ion  f o r  space f l i g h t s .  
.biomedical preparation (BMP). of cosmonauts has itself undergone 
cons ide rab le  evo lu t ion  dur ing  the  s h o r t  h i s t o r y  of manned cosmonautics, 
moving from a "process i n c r e a s i n g  human t o l e r a n c e  of space f l i g h t  f a c t o r s "  
(Mey M. Link, N.N. Gurovskiy, 1975) t o  "a system of s u b s t a n t i v e l y  and 
t empora l ly  i n t e r r e l a t e d  measures preparing cosmonauts phys i ca l ly  and 
psychologica l ly ,  providing them w i t h  t h e  knowledge, s k i l l s  and h a b i t s  
a p p r o p r i a t e  t o  l i f e  i n  space, and enabling them t o  perform t h e i r  program of 
work." Thus, t he  evo lu t ion  of the  concept of BMP was determined by the  
i n c r e a s i n g  complexity of space f l i g h t  missions,  which progressed from mere 
s u r v i v a l  t o  t h e  capacity t o  perform complex t a s k s  ( inc lud ing  E V A s )  dur ing  
long-term space f l i g h t s .  

The concept of 

The following measures are c u r r e n t l y  included i n  BMP: 

-- s e l e c t i o n  of cand ida te s  on t h e  basis of hea l th  and p e r s o n a l i t y  
traits, continued observa t ion  dur ing  t h e  t r a i n i n g  process ;  

-- de te rmina t ion  of b a s e l i n e  func t iona l  phys io log ica l  and 
psychologica l  capacities of t h e  cosmonaut, development of an i n d i v i d u a l l y  
t a i l o r e d  set of hea l th  recommendations, and a schedule  for  cond i t ion ing  t o  
space f l i g h t  f a c t o r s ;  

-- g e n e r a l  and specif ic  phys ica l  t r a in ing ;  

-- s p e c i a l i z e d  precondi t ion ing  t o  space f l i g h t  factors; 

-- medical psychologica l  conditioning; 

-- t r a i n i n g  i n  t h e  m e d i c a l  aspects of t h e  f l i g h t  program; 

-- san i t a ry -hyg ien ic  and an t i ep idemio log ica l  suppor t ;  

-- medical suppor t  of occupational t r a i n i n g  on t r a i n e r s  and i n  
extreme environments w i t h  complex l i v i n g  conditions.  

The BMP process  inc ludes ,  along w i t h  previously i d e n t i f i e d  methods of 
t r a i n i n g  and condi t ion ing ,  work directed a t  improving a d a p t i v e  capacities 
and the  phys io log ica l  and psychological f l e x i b i l i t y  of the  cosmonaut, t h e  
u n i t y  and oppos i t i on  of t he  process  of adap ta t ion  -- r e a d a p t a t i o n  i n  t h e  
space f l i g h t  cyc le ,  p readapta t ion  t o  t h e  effects of space f l i g h t  factors, 
and t h e  fo rma t ion  of a conceptual model of t h e  f l i g h t  i n  t h e  cosmonauts' 
minds. The implementa t ion  of t h i s  BMP system has s u b s t a n t i a l l y  improved 
t h e  e f f e c t i v e n e s s  of t h e  cosmonauts' job performance which, i n  tu rn ,  has 
enhanced the  success  of t he  Sov ie t  space program. 
Of f l i g h t  programs, i nc lud ing  the  increase  i n  E V A s  r e q u i r e s  f u r t h e r  
re f inement  of BMP techniques. 

The inc reased  complexity 
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Subsection 1 was e n t i t l e d  Physiological-hygienic problems of manned space 
f l i g h t s  and f l i g h t  practice; space biology and was chaired by A.I. 
Gr igor 'yev ,  I.D. P e s t o v ,  and V.V. K a l i n i c h e n k o ,  w i t h  V.S. Kazeykin and  G.S. 
Ratner as s c i e n t i f i c  secretaries. 

O f  t h e  papers devoted t o  phys io log ica l  problems, one must s i n g l e  out  t h e  
paper given by F.A. Solodovkin called Certain theoretical aspects of motion 
sickness i n  cosmonautics. Synthes iz ing  the  r e s u l t s  of numerous experiments,  
t h e  speaker showed t h a t  no i n c r e a s e s  i n  t h e  s e n s i t i v i t y  o r  r e a c t i v i t y  o f  
t h e  v e s t i b u l a r  appara tus ,  nor  any pa tho log ica l  v e s t i b u l a r  symptoms, have 
been noted i n  weightlessness.  A l l  t h i s  tes t i f ies  t o  the  normal f u n c t i o n i n g  
of the  v e s t i b u l a r  system dur ing  space f l i g h t  and t h e  absence of a 
connection between motion s i c k n e s s  i n  cosmonauts and d i s o r d e r s  of 
v e s t i b u l a r  func t ion .  One might  then  hypothes ize  t h a t  the  motion sickness 
from which  cosmonauts s u f f e r  is related t o  t h e  r e g u l a t i o n  of autonomic 
func t ions  and adap t ive  r e a c t i o n s  by the  l imb ic - r e so rp t ion  complex. 

A p a p e r  by N.Ye. Pan fe rova ,  B. M. Baranova and V.I. P e r v u s h i n  o n  
Evaluation of human tolerance of graded physical exercise touched on the  
problem of i d e n t i f y i n g  methods developed on Ea r th  which can be adapted  t o  
the needs of f l i g h t  research. The r e s u l t s  of the  research demonstrated t h e  
importance of s e l e c t i n g  appropr i a t e  tests f o r  t he  s tudy  of t h e  mechanisms 
under ly ing  the  effects of we igh t l e s sness  on cosmonauts' t o l e r a n c e  of 
phys ica l  exercise. I n  p a r t i c u l a r  i t  was e s t ab l i shed  t h a t  cond i t ion ing  on 
the  b icyc le  ergometer leads t o  a decrease i n  t h e  "phys io logica l  cos t t t  o f  
e x e r c i s e ;  p u l s e  rate, energy expendi ture ,  oxygen consumption and e x h a l a t i o n  
of carbon d ioxide  a l l  drop. 

A.D. Voskresenkiy demonstrated t h e  p o s s i b i l i t y  of u s ing  methods o f  
discriminant and factor analysis f o r  i d e n t i f y i n g  phys io log ica l  norms 
a g a i n s t  which the  cond i t ion  o f  cosmonauts can be evaluated. C a l c u l a t i o n  o f  
a l i n e a r  d i sc r iminan t  f u n c t i o n  enabled the  exper imenter  t o  d e l i m i t  t h e  
p r e f l i g h t  and p o s t f l i g h t  r e a c t i o n s  t o  a LBNP tes ts  and i d e n t i f y  inc reased  
s e n s i t i v i t y  t o  lower  body negat ive  p re s su re  d u r i n g  f l i g h t .  The r e s u l t s  of 
a separate f a c t o r  analysis of ground and f l i g h t  data on reactions of the 
cardiovascular system to LBNP showed t h a t  an  i n c r e a s e  i n  t h e  minute volume 
of blood during f l i g h t  as compared t o  t h e  p r e f l i g h t  l e v e l  is a s s o c i a t e d  
w i t h  a marked decrease i n  o r t h o s t a t i c  t o l e r a n c e  and an inc reased  r e a c t i o n  
t o  LBNP during f l i g h t .  

Changes i n  the ske le ta l  system i n  microgravity remain a s e r i o u s  problem i n  
space biology and medicine. An i n t e r e s t i n g  r e p o r t  on t h i s  s u b j e c t  was 
presented  by G.P. Stupakov, V.S. Kazeykin and A.I. Voloshin. The a u t h o r s  
performed a comparative phys io log ica l  a n a l y s i s  and synthes ized  data on 
changes i n  t h e  skeletal systems o f  humans and an ima l s  (rats, dogs, 
t o r t o i s e s )  which had s p e n t  v a r i o u s  pe r iods  of time i n  space. They 
concluded t h a t  there are d i f f e r e n c e s  i n  t h e  characterist ics of 
os teodys t rophic  process  developing r e l a t i v e l y  early and those  occur r ing  
du r ing  l a t e r  exposure t o  microgravity.  During t h e  e a r l y  stage, there is 
some decrease i n  t h e  concen t r a t ion  of calcium i n  the  organic  component, and 
a decrease i n  bone s t r e n g t h  wi thout  pronounced s i g n s  of decrease i n  bone 
weight. 
decrease i n  t he  s t r e n g t h  of t h e  collagen. 

These changes may be expla ined  w i t h  r e fe rence  t o  a t r a n s i e n t  
A t  a l a te r  stage, there is 
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r e s o l u t i o n  o f  the  bone subs tance  w i t h  d i s s o c i a t i o n  of the  m i n e r a l i z a t i o n  
processes,  and a l s o  s y n t h e s i s  and r e so rp t ion  of bone. 

The goa l  of ensu r ing  tha t  crews w i l l  be safe from decompression problems 
dur ing  the  first days o f  f l i g h t  and the study of p r o b a b i l i t y  of a l t i t u d e -  
decompression d i s o r d e r s  under cond i t ions  of s imula t ed  we igh t l e s sness  were 
d iscussed  i n  two p r e s e n t a t i o n s  (by V.I. Chadov, AS. T s i v i l a s h v i l i v ,  LR. 
I s e y e v ,  and L.R. I s e y e v ,  A.F. Zubarev, and V.I. Chadov). The a u t h o r s  were 
able t o  i d e n t i f y  t h e  r e l a t i o n s h i p  between the  minimal acceptable amount of 
working p r e s s u r e  i n  t h e  space s u i t  and t h e  time i t  takes t o  e l i m i n a t e  
n i t rogen  from the  body i n  a hypobaric (550 mm Hg) normoxic medium after a 
p re l imina ry  2-hour per iod  of s a t u r a t i o n  b rea th ing  of a i r  w i t h  a p r e s s u r e  of 
840 mm Hg. It was also demonstrated tha t  u l t rasound l o c a t i o n  of gas 
bubbles i n  a blood channel is a practical and promising technique, s i n c e  
decompression aeroembolism loca ted  by the u l t r a sound  method appears i n  t h e  
blood of the pulmonary a r t e r y  earlier than symptoms of a l t i t u d e -  
decompression d i so rde r s ,  and l a s t s  longer than  the  symptoms. 

A paper presented  by A.A. Koreshkov e t  al., t i t l e d  Changes in t h e  
concentration of carbon dioxide under normal and compressed work and rest 
schedu les  (sleep-waking cyc le )  on t he  aSalyut-70-0So~-'P orbital  complex, 
demonstrated the  great practical s i g n i f i c a n c e  of de te rmining  changes i n  t he  
concen t r a t ion  o f  carbon d iox ide  on board manned spacecraft as a means for  
ana lyz ing  t h e  l e v e l  of motor a c t i v i t y  of cosmonauts and e v a l u a t i n g  t h e i r  
t o l e r a n c e  t o  changes i n  t h e  d a i l y  cycle. 

A wide range  of papers  concerning m e t a b o l i s m  in weightlessness and its 
s i m u l a t i o n s  was presented (N.D. Radchenko, LA. Drozhzhin, V.P. Matveyev, 
I.G. Popov, and  A.A. L a t s k e v i c h ;  Ye.G. Vet rov;  V.Ye. P o t k i n  and  1.0. 
Pakhlavuni; I.A. Popova e t  all. A cor rec t  understanding of t he  role of 
amino acids, v i t a m i n s  and enzymes i n  metabolism cont inues  t o  be impor t an t  
f o r  management of cosmonauts' d i e t s  during long-term f l ights .  

V.G. Doroshev, e t  al., r epor t ed  on a study of the  c h a r a c t e r i s t i c s  o f  
venous pressure dur ing  12O-days of hypokinesia uith head-down tilt. 
demonstrated tha t  t h e  changes i n  blood c i r c u l a t i o n  i n  t h e  v e i n s  over t h e  
course  of t h i s  t r e a t m e n t  are s u b j e c t  t o  s i g n i f i c a n t  i n d i v i d u a l  d i f f e r e n c e s ;  
and t h a t  i n d i v i d u a l  parameters of venous p re s su re  may be u t i l i z e d  t o  
p red ic t  o r t h o s t a t i c  t o l e r a n c e  of subjects. 

They 

The p o t e n t i a l  f o r  u s ing  u l t r a s o u n d  vasography  [ t o  monitor effects of] work 
over loads  l a s t i n g  f o r  long  periods of time was d iscussed  i n  a paper by V.A. 
Degtyraev, N.V. Soloshenko and M.N. Khomenko. The p o t e n t i a l  u s e f u l n e s s  of 
a methodology developed by the  au tho r s  f o r  i d e n t i f y i n g  e a r l y  i n d i c a t o r s  o f  
changes i n  blood supply  t o  the  c e n t r a l  nervous system was demonstrated. 

A paper by R.A.Vartbaronov e t  al., devoted t o  i n v e s t i g a t i o n  of t h e  
r e l a t i o n s h i p  between long-term adap t ive  and cumula t ive  effects of long 
Periods of s y s t e m a t i c  overload (overwork) a t  t h e  t o l e r a n c e  l i m i t s ,  
i d e n t i f i e d  f u n c t i o n a l  changes i n  the card iovascular  and r e s p i r a t o r y  sys tems 
Of a n i m a l s  and developed a se t  of essential cri teria f o r  moni tor ing  the  
f u n c t i o n a l  state of t h e  organism. 
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V.V. Yasnetsov and V.S. Shashkov attempted i n  t h e i r  paper t o  e l u c i d a t e  t h e  
role of an endogenous morphine-like subs tance  i n  the pathogenesis  of motion 
sickness.  
understanding of the  m e c h a n i s m  underlying motion sickness and t o  sugges t  
new ways t o  prevent t h i s  condition. 

Data they obtained w i l l  he lp  t o  develop a more complete 

The biomechanical basis for  opt imiz ing  a 'man-ejection seat" system upon 
impacts  was the s u b j e c t  of a s tudy  by G. P. Stupakova e t  al. Using a n  
o r i g i n a l  technique for measuring the  deformation of ver tebrae ,  t h e  a u t h o r s  
q u a n t i t a t i v e l y  determined t h e  effects of s t a r t i n g  pos i t i on ,  and f i x a t i o n  of 
the  shoulder  g i rd l e  t o  prevent  damage t o  t h e  lumbar discs on impact. 

V.I. Korol'kov, M.A. Dotsenko,  A.N. T ruzhen ikov ,  e t  al. s t u d i e d  t h e  
adap t ive  responses of  primates t o  impact and vibrational acceleration 
The data obtained helped t o  ensure  the  s u c c e s s f u l  f l i g h t  of an ima l s  on the  
Vosmos-15l4l1 biosatellite. 

A.P. Kozlovskiy e t  al. d i scussed  t h e  major t r ends  i n  developing opt imal  
means t o  p ro tec t  t h e  arms and hands of  a p i l o t  from t h e  air stream. The 
maximum acceptab le  va lues  of mechanical forces tending  t o  tear t h e  hands off 
the  catapult l e v e r  were determined. 

V.Ye. Potkin, V.I. Plakhotnyuk and A.G. Gavrilenko used a m u l t i v a r i a b l e  
experimental  des ign  t o  determine cr i ter ia  f o r  eva lua t ing  l i p i d  metabolism 
i n  f l i g h t  crews. 

A number of papers were concerned w i t h  physiological/hygienic problems of 
manned space f l i g h t s .  T. P. Tikhonova reported on a new methodological 
approach to determining,  for  humans, t h e  maximum acceptable l e v e l  of one- 
time exposure t o  adverse environmental  factors. Her method is based on 
de termina t ion  of the  p r o b a b i l i t y  of the  occurrence of specif ic  changes 
us ing  a minimum number of experimental  trials. 

V.I. Belkin e t  al. d i scussed  the  measurement of a i r  p o l l u t i o n  i n  
he rme t i ca l ly  sealed chambers by products  of the combustion of n i t rogen  
conta in ing  poly mer s. 

A report  by K.D. Rokhlenko e t  al. contained in fo rma t ion  about t h e  d u s t  
content of the atmosphere of a hermetically sealed compartment, factors  
l e a d i n g  t o  t he  format ion  of d u s t  particles, and t h e  need t o  take 
measures to  minimize these factors. 

V.I. Korollkov e t  al. presented data on t h e  parameters of t h e  atmosphere, 
microclimate,  and s a n i t a r y /  hygienic  cond i t ions  c h a r a c t e r i z i n g  t h e  l i v i n g  
environment of an imals  on board the  "Cosmos-1 51 4" biosatell i te.  
In t roduct ion  of a number of mod i f i ca t ions  made i t  possible t o  improve these 
parameters. 

Two papers concerned the embryological development of amphibians (&A. 
Oygenblik) and f i s h  (Pa U. Cherdantseva) i n  weightlessness and 
microgravity. The data obtained facil i tated a better understanding of t h e  
changes occurr ing i n  l i v i n g  organisms i n  response  t o  c e r t a i n  changes i n  
t he  force of g rav i ty .  
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M.G. Tayrbek presented  i n t e r e s t i n g  material on t h e  development of p l a n t s  
i n  weightlessness. 

A series of papers  on space biology culminated i n  a n  i n t e r e s t i n g  report by 
LL Zhurni on The use of the concept of s c a l a r i t y  i n  predicting remote 
biological effects of weightlessness. 

I n  summing up the work of t h i s  subsection, I.D. Pestov and A.I. Grigor'yev 
noted t h a t  t h e  ma jo r i ty  of the papers  served t o  s t i m u l a t e  d i s c u s s i o n  
du r ing  t h e  sess ions .  It was proposed tha t  t h e  work o f  t h i s  subsec t ion  f o r  
t h e  next  Gagarin l e c t u r e s  concen t r a t e  on one o r  two of t h e  more impor t an t  
of today's problems, p a r t i c u l a r l y  on motion sickness i n  weightlessness.  

Subsec t ion  2, Laws  governing the interaction of psychological and 
p h y s i o l o g i c a l  processes during f l i g h t s ,  was chaired by P.V. Simonov, G. M. 
Zarakovskiy, and 0.L Zhdanov, w i t h  V.A. Kurashvi l i  and S L .  Rysakova as  
s c i e n t i f i c  secretaries. 
subsec t ion  s e s s i o n  A l l  of these were directed toward i n c r e a s i n g  the  
e f f e c t i v e n e s s  of p i l o t  performance and maintenance of t h e  h e a l t h  of p i l o t s ,  
cosmonauts and f l i g h t  con t ro l l e r s .  

A t o t a l  of 18 papers  was presented  a t  the 

The first of these means invo lves  s t r u c t u r i n g  j o b s  i n  a n  op t ima l  way. 
A.R Smetanin and V.F. Nesterov demonstrated t h a t  a r a t i o n a l  grouping of 
t h e  t a s k s  performed by cosmonauts and a l t e r n a t i o n  of j o b  tasks w i t h  d i f f e r e n t  
psychophysiological demands s u b s t a n t i a l l y  inc reased  p r o d u c t i v i t y  du r ing  
space f l i g h t .  With r e fe rence  t o  t h i s  top ic ,  a paper by V.I. Makarov and 
L.R. Pravdina emphasized t h a t  i t  is e s s e n t i a l  t o  s t a t i o n  psychoneuro logis t s  
a t  f l i g h t  c o n t r o l  c e n t e r s  t o  monitor t h e  cosmonauts' psychologica l  state. 
It was found t h a t  compressed work and r e s t  s chedu les  s t i m u l a t e d  
product iv i ty .  
provided by relief of the  monotony of long f l ights .  With t h e  goal of 
i n c r e a s i n g  o b j e c t i v i t y  i n  eva lua t ing  func t iona l  state dur ing  sleep 
depr iva t ion ,  V.I. Myasnikov, RN. Ryzhov and I.R. Abramov proposed a set of 
normed c r i te r ia  ( w i t h  possible va lues  of 0 and 1) w i t h  regard t o  
performance l e v e l ,  l e v e l  of psychophysiological stress and a gene ra l  
i n d i c a t o r  of performance e f f i c i e n c y  (derived from the  o t h e r  two). These 
cri teria were used t o  demonst ra te  how q u a l i t y  and psychophysiological c o s t  
of performance i n c r e a s e  w i t h  inc reas ing  motivation. Psychophysiological 
concomi tan ts  of the  mob i l i za t ion  of the body's r e sources  under the  
in f luence  of v a r i o u s  types  of motivation were revea led  by G.M. Zarakovskiy 
and V.I. Savchenko. Based on data from t h e i r  research, it was demonstrated 
t h a t  t h e  r e l a t i v e  expendi ture  of psychophysiological r e sources  per  u n i t  
i n c r e a s e  i n  performance is less when t h e  o p e r a t i v e  motive is a t t a i n m e n t  of 
success  than  when i t  is avoidance of f a i lu re .  

Th i s  effect may be a s soc ia t ed  w i t h  t h e  emot iona l  l i f t  

An i n t e r e s t i n g  idea f o r  increasing the r e l i a b i l i t y  of the performance of a 
human operator was expounded by L.G. Dikaya. 
cond i t ions ,  j o b  t r a i n i n g  and phys io logica l  cond i t ion ing  should be 
s imul taneous ,  Le., job  t r a i n i n g  should be conducted i n  t h e  contex t  of a 
v a r i e t y  o f  f u n c t i o n a l  states. T h i s  w i l l  lead t o  specific " a c t i v a t i o n  
patterns." V.A. Slmatov presented new data on f l u c t u a t i o n s  characterist ic 
of nonspec i f i c  a c t i v a t i o n  of performance and the role of c y c l i c a l  processes 
i n  f u n c t i o n a l  states. 

For work under extreme 
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The usefu lness  of concurren t  a n a l y s i s  of t he  mechanisms under ly ing  
phys io logica l  and psychologica l  processes  was c l e a r l y  demonstrated i n  
r e p o r t s  devoted t o  pharmacological means of controlling human work 
capacity.  SI. Sytn ik  and L.K. Pashchuk a t tempted  t o  i n f l u e n c e  p e r i p h e r a l  
components of the  f u n c t i o n a l  s t r u c t u r e  which g e n e r a t e s  emot iona l  responses. 
They were able t o  f i n d  ad rena l  blocker p r e p a r a t i o n s  capable of no rma l i z ing  
e m o t i o n a l  stress. V.M. Kalosh ,  N.A. Davydov, I.B. Goncharov, and L.G. 
Polevyy demonstrated tha t  psychot ropic  drugs can faci l i ta te  a d a p t a t i o n  and 
demonstrated a technique f o r  u s ing  them to  i n c r e a s e  the  l e v e l  of f l i g h t  
performance. 

A number of papers were devoted t o  specific i s s u e s  i n  t h e  opt imizat ion  of 
f l i g h t  performance. A.A. Medenkov and S L .  Rysakova analyzed t h e  e r r o r s  i n  
a ve rba l  exchange between f l i g h t  c o n t r o l l e r s  and a i rcraf t  crews and made a 
number of recommendations. V.D. Vasyuta d iscussed  the  characterist ics of 
chairs (e.g., contour backs, a i r  cushions) in tended  t o  decrease fa t igue .  

I.F. Chek i rda  and  A.A. Malofeyev,  and a l s o  A.K. 
and L.S. Khachatur'yantz presented  data concerning t h e  s t r u c t u r i n g  of 
movements and t h e  improvement of sensorimotor tracking dur ing  space 
f l i g h t s .  Some r e s u l t s  of t h e  s tudy  of higher nervous a c t i v i t y  i n  primates, 
seemingly no t  d i r e c t l y  related t o  i d e n t i f y i n g  the psychophysiological 
foundat ions  of e f f e c t i v e  f l i g h t  performance, tu rned  o u t  t o  be ex t remely  
i n t e r e s t i n g .  A paper by G.G. Shlyk, e t  al. ci ted data concerning the  l i n k s  
between c h a r a c t e r i s t i c s  of h igher  nervous a c t i v i t y  of primates and t h e i r  
adap ta t ion  to  space  f l i g h t  conditions.  I n  p a r t i c u l a r ,  these data 
demonstrate t h e  importance of psychophysiological characteristics i n  
determining t h e  ind iv idua l ' s  position i n  a group and his social behavior. 

Yepi shk in ,  Ye.A. I v a n o v  

V.G. Voloshin e t  al. proposed new psychophysiological methods t o  improve 
r e l i a b i l i t y  i n  p r e d i c t i n g  t h e  f u t u r e  performance of aerobat ic  p i l o t s .  S V .  
Panferov and T.I. Milyavskay presented  data from research on t h e  parameters 
of binocular v i s i o n  i n  c i v i l  a v i a t i o n  pi lots .  

A r e p o r t  on post-graduate t ra in ing  of f l i g h t  surgeons, by N.A. Razsolov, 
K.A. Pimenov, V.N. Razsudov, and  V.D. Yus tova ,  p r e s e n t e d  a way t h a t  a l l  t h e  
recommendations made a t  t h i s  s e s s i o n  could be a p p l i e d  i n  t h e  practice of 
f l i g h t  medicine. 

[The t h i r d  subsec t ion  of t h e  conference devoted t o  Problems and space and 
a v i a t i o n  psychology was a l r eady  descr ibed i n  I s s u e  86 of t h e  Digest and 
t h u s  is not repeated here.] 

A j o i n t  "round table" se s s ion ,  i nvo lv ing  4 of t he  10 d i v i s i o n s  
p a r t i c i p a t i n g  i n  t h e  conference and devoted t o  the  problem of Han and 
automated systems i n  cosmonautics and aviation was p a r t i c u l a r l y  
outstanding. The chairman of t h i s  s e s s i o n  was N.N. Rukavishnikov, and t h e  
s c i e n t i f i c  s e c r e t a r y  was N.V. Krylova. 

Amidst animated and i n t e r e s t i n g  d i scuss ion ,  t h i s  s e s s i o n  i l l u m i n a t e d  a 
number of i s s u e s  d i r e c t l y  r e l e v a n t  t o  medicine, physiology and psychology. 
I n  t h e  p r e s e n t a t i o n s  
Ponomarenko, specific 

by B.F. Lomov, A.N. Lebedev,  G.M. Z a r a k o v s k i y  and V.A. 
examples were used t o  demonst ra te  t h e  n e c e s s i t y  f o r  
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I r a t i o n a l  u i l i z a t i o n  of data concerning human physiology and psychology i n  
the development of automated devices, including so-cal led "ar t i f ic ia l  
i n t e l l i g e n c e  programs." P r i n c i p l e s  were formulated t o  faci l i ta te  opt imal  
i n t e r a c t i o n  between the p i l o t ,  cosmonaut o r  ope ra to r  and the  automated 
system for t h e  performance of var ious  f l i g h t  tasks. It should be noted 
tha t ,  i n  s p i t e  of a number of po in t s  of content ion,  t h e  ma jo r i ty  of 
r e p r e s e n t a t i v e s  from t h e  technologica l  s c i ences  and engineer ing  (N.N. 
Rukavishnikov, &A. Krasovskiy, V.V. Malozemov, e t  al) who p a r t i c i p a t e d  i n  
the  d iscuss ion ,  spoke out  aga ins t  becoming t o o  i n f a t u a t e d  w i t h  automation 
and excluding humans from the  con t ro l  loop. The need f o r  pa ins tak ing  

r e l a t i n g  t o  automation i n  a v i a t i o n  and cosmonautics was noted. 

L 

L 

I 

I psychophysical,  as well as technological  s tudy of a l l  the  concre te  issues 
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SPECIAL FEATURE: IWORHATIOi!t Oar TWO PARADIGHS FREQUENTLY CITED I N  
SOVIET SPACE MEDICINE LITERATURE 

1. INDUCTION OF " W I O N A L  PAIN-STRESS" 

The Sovie t  l i t e r a t u r e  on the  effects of stress f r e q u e n t l y  refer t o  t h e  
induc t ion  of what they cal l  "emotional pa in  stress" (cf., abstract P400, 
Digest I ssue  9, page 9). While t he  procedure f o r  producing t h i s  state is 
t y p i c a l l y  unspec i f ied ,  occas iona l ly  an o r i g i n a l  paper by Desiderato,  
MacKinnon and Hissom is cited. We have tracked down t h e  o r i g i n a l  
re ference ,  viz:  Des idera to  0, MacKinnon J R ,  and Hissom H. Development of 
gastric ulcers in  rats following stress termination. Journa l  o f  Comparative 
and Phys io logica l  Psychology. 87(2): 208-21 4; 1974. The exper imenta l  
procedure descr ibed  i n  t h i s  work involved i n i t i a l l y  p l ac ing  ra t s  on a n  
e l e c t r i f i e d  grid producing continuous shocks. A n o n e l e c t r i f i e d  p l a t fo rm was 
a c c e s s i b l e  from t h e  gr ids  and t h e  an ima l s  were assisted manually to  t h i s  
p l a t fo rm to  escape shocks. After 30 minutes,  by which time a l l  s u b j e c t s  
were c o n s i s t e n t l y  remaining on t h e  p la t form,  shock was a l s o  d e l i v e r e d  on 
t h e  platform and shock i n t e n s i t y  was increased. Animals were sacrificed 
and examined f o r  s i g n s  o f  u l c e r a t i o n  e i ther  immediately after t h e  stress 
t r ea tmen t ,  which lasted from 2 t o  24 hours, (0 de l ay  group), o r  a vary ing  
number of hours after t h e  t e rmina t ion  of t he  stress, dur ing  which animals 
were maintained i n  n o n s t r e s s f u l  cond i t ions  ( p o s t s t r e s s  de l ay  group). The 
most i n t e r e s t i n g  aspect of t h e  r e s u l t s  is t h e  small amount of u l c e r a t i o n  
p resen t  i n  t h e  0 de l ay  groups, no matter how long  the  exposure t o  the 
s t r e s s o r .  Resu l t s  i n d i c a t e  t h a t  s i g n i f i c a n t  gastr ic  u l c e r  product ion  i n  
shock-stressed ra ts  appears only  after a minimum o f  2 hours after the  
stress session. However, i n c r e a s e  of t h e  de l ay  beyond 2 hours d i d  no t  
i n c r e a s e  ulceration. The au tho r s  s p e c u l a t e  t h a t  i t  is the  ab rup t  swi t ch  
from stress t o  non-s t ress  which is t he  key f a c t o r ,  and a s s o c i a t e  t h i s  w i t h  
parasympathetic o v e r r e a c t i o n  Another f a c t o r  i d e n t i f i e d  as c r u c i a l  t o  
t h i s  procedure is the  punishment of e f f e c t i v e  coping behavior. 
appear t o  use t h i s  procedure when they are i n t e r e s t e d  i n  immediate and 
remote effects of stress on a v a r i e t y  of phys io log ica l  systems. 
be noted t h a t  the term used t o  des igna te  t h i s  paradigm, "emotional pa in  
stress," is never mentioned i n  t h e  o r i g i n a l  work. 
as t o  its source. 

The S o v i e t s  

It should 

We have no in fo rma t ion  

2. "AUTOGENIC TRAIHIBG" AS A FATIGUE REDUCING PROCEDURE 

Informat ion  on au togenic  t r a i n i n g  comes from a series of ar t ic les  publ i shed  
i n  t he  Sovie t  j ou rna l  Avia ts iya  i Kosmanavtika [Aviation and Cosmonau t i c s~ ,  
1979, volumes 1 (pages 22-22), 2 (pages 8-91, and 3 (pages 26-27). A 1  1 
ar t ic les  are by L. Grimak, Doctor and Colonel i n  t h e  Medical Corps, and 
Lieutenant  Colonel Yu. I sau lov ,  a p i l o t  t r a i n e r .  The ar t ic les  are 
c o l l e c t i v e l y  t i t l e d  "Aler tness  Management." 

So-called nautogenic t r a i n i n g "  ( A T ) i s  a technique  used i n  t he  Sov ie t  Union, 
p a r t i c u l a r l y  i n  work w i t h  f l i g h t  and space crews, for  management of f a t i g u e  
and r e s t o r a t i o n  of high l e v e l s  of a l e r t n e s s .  Claimed effects of t h i s  
technique inc lude  inc reased  phys io log ica l  t o l e r a n c e  of va r ious  f l i g h t  
factors, optimal a l l o c a t i o n  of phys io log ica l  and psychologica l  resources ,  
and minimization of stress. Three means are used t o  ach ieve  these effects: 
vo lun ta ry  (progress ive)  muscle r e l a x a t i o n ,  c r e a t i o n  of a p p r o p r i a t e  mental  
imagery, and ve rba l  a u t o s u g g e s t i o n  F i r s t ,  a number of component s k i l l s  
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are developed: management of a t t e n t i o n  ( w i t h  some s i m i l a r i t y  t o  self- 
hypnos is  o r  t r anscenden ta l  medi ta t ion) ,  vo lun ta ry  manipula t ion  o f  mental 
imagery, and v e r b a l  autosuggestion. Subjec ts  then p a r t i c i p a t e  i n  a 
p r e l i m i n a r y  t r a i n i n g  course  invo lv ing  r e p e t i t i o n  of a number of exerc ises .  
The "text" of the  e x e r c i s e s  is first read aloud by the  s u b j e c t  h imse l f ,  
t hen  performed i n  accordance w i t h  t h e  taped t e x t  and, f i n a l l y ,  after t h e  
s u b j e c t  has l ea rned  it, wi thou t  e x t e r n a l  guidance. S u b j e c t s  l i s t e n  t o  the  
e x e r c i s e s ,  first l y i n g  down, and then, a f t e r  p ro f i c i ency  has been 
developed, s i t t i n g  upright.  A t  first subjects are advised  t o  practice i n  
i s o l a t i o n ,  free from n o i s e  and i n t e r r u p t i o n ,  but later practice i n  less 
ideal cond i t ions  i s  recommended. 

The first e x e r c i s e  i s  directed a t  muscular r e l a x a t i o n  by means of imaging a 
s e n s a t i o n  of heaviness  i n  t h e  arms, legs, and trunk. The second e x e r c i s e  is 
supposed t o  develop s k i l l  a t  v o l u n t a r i l y  d i l a t i n g  blood v e s s e l s  i n  t h e  
arms, legs and t runk  i n  the  o r d e r  followed i n  e x e r c i s e  1,  by means of 
imaging the  s e n s a t i o n  of warmth. The t h i r d  e x e r c i s e  t r a i n s  voluntary  
c o n t r o l  o f  breathing. The f o u r t h  exe rc i se  develops vo lun ta ry  d i l a t i o n  of 
the blood v e s s e l s  of t h e  v i s c e r a l  organs i n  t he  r eg ion  of t h e  s o l a r  plexus. 
The f i f t h  e x e r c i s e  i s  d i r e c t e d  a t  v o l u n t a r i l y  a l t e r i n g  heart rate, and t h e  
s i x t h  a i m s  a t  c o n t r o l l i n g  vascu la r  r e a c t i o n s  i n  t h e  head, p a r t i c u l a r l y  
c o n t r a c t i o n  of t h e  blood vessels.  To achieve t h e  l a t t e r ,  the  s u b j e c t  first 
expe r i ences  and then  imagines t he  cooling o f  t h e  face. As a sample, t h e  
"text" of t h e  first p a r t  of t he  first e x e r c i s e  fo l lows:  

1. I am i n  a comfor tab le  position, My body is free, re laxed ,  
unres t ra ined .  I concen t r a t e  my w i l l  power on the  c o n t r o l  of my 
nerves,  body, and gene ra l  state. I am i n  f u l l  c o n t r o l  of my body 
and mind. 

2. There is no rush  t o  do anything. I menta l ly  draw a circle around 
myself. I l e a v e  a l l  my cares ou t s ide  t h i s  circle. I am i n  a state 
of a b s o l u t e  peace. It is  easy  t o  con t ro l  my body and mind. 

A l l  my cares are gone. I am completely calm. I am t o t a l l y  immersed 
i n  my i n n e r  world. My consciousness has  merged 
w i t h  my body. And each cel l  
of my body r e a d i l y  does what I want it to. 

3. And now I have concent ra ted  my a t t e n t i o n  on my face. I c o n t r o l  
and r e l a x  the  muscles of my forehead, cheeks, and l i p s .  My e y e l i d s  
are c l o s i n g ,  my mental gaze is directed a t  my forehead. 

My teeth are not clenched and the  t i p  o f  my tongue rests a g a i n s t  my 
upper teeth. 

My face i s  calm and m o t i o n l e s s  l i k e  a mask. My face i s  a mask ..... 
4. The muscles of my neck are completely relaxed. 
p l ay ing  any par t  i n  suppor t ing  my head. 

The muscles of my t runk  are completely re laxed .  

I am i n s i d e  myself. 
I am presen t  i n  every ce l l  of my body. 

They are no t  
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5. I inha le  and exha le  ca lmly  and breathe a t  a calm and r e l a x i n g  
rate. My b rea th ing  is peaceful,  even, rhythmic, I i n h a l e  peace. 
With each breath peace f i l l s  my head, chest, body, 

6. And now I very  much want my r i g h t  arm t o  grow heavy. 
I very much want my r i g h t  arm t o  grow heavy. 

Want my r i g h t  arm t o  grow heavy. 
My r i g h t  arm t o  grow heavy. 

Right  arm t o  grow heavy. 
A r m  t o  grow heavy. 

Grow heavy. 
Heavy. 

I t u r n  my a t t e n t i o n  t o  my l e f t  arm...... Repeat 6 f o r  l e f t  arm 

A p leasant ,  mot ionless  heaviness  has f i l l e d  my r i g h t  and then  my 
l e f t  arm, I clearly feel t h e  heaviness  of my arms. (Pause) 

7. I have had a good rest i n  t h i s  s ta te  of r e l a x a t i o n ,  and have 
freed myself from nervous tension. I am very calm. T h i s  calm has 
g iven  me confidence, s t r e n g t h  and heal th .  I am heal thy ,  even- 
tempered and e n e r g e t i c  i n  any s i t u a t i o n .  I have had a good rest. 

8. And now my b rea th ing  is g e t t i n g  deeper and more energe t ic . .  
I feel a p l easan t  t e n s i o n  i n  my muscles, which chases away t h e  
e x t r a  heaviness i n  my body and clears my head. I am alert  and f u l l  
of energy. 

I make fists, raise my arms and open my eyes. I jump up and readi ly  
feel myself to  be i n  a state of a le r tness . . . .  

The e n t i r e  set of e x e r c i s e s  is s a i d  t o  occupy approximately f i f t e e n  
minutes. 

I n  a t y p i c a l  S o v i e t  e x p e r i m e n t  ( C f . ,  e.g., I s s u e  9 ,  P371, page 501, o n e  
group of s u b j e c t s  r e c e i v e s  p re l imina ry  au togenic  t r a i n i n g  (AT), and i s  
then  placed i n  a s i t u a t i o n  conducive t o  extreme f a t i g u e  and decreased work 
c a p a c i t y  (e.g., long  pe r iods  of continuous work w i t h  sleep depr iva t ion ) ,  
du r ing  which brief pe r iods  are set aside f o r  performance of t h e  au togenic  
exercises. 
compared t o  those  of a c o n t r o l  group w i t h  no au togenic  t r a i n i n g  and t h e  
s h o r t  i n t e r v a l s  used merely f o r  rest. 
undergoing AT show higher  work c a p a c i t y  w i t h  fewer s i g n s  of exhaustion. 

Performance and i n d i c a t o r s  of f a t i g u e  i n  t h i s  group are 

R e s u l t s  i n d i c a t e  t h a t  s u b j e c t s  
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CURRENT TRANSLATED SOVIET LIFE SCIENCE MATERIALS AVAILABLE TO OUR 
READERS 

Trans l a t ions  of r ecen t  Sovie t  publ ica t ions ,  i nc lud ing  those  of 
i n t e r e s t  t o  specialists i n  space l i f e  sc iences ,  are publ ished by J o i n t  
Pub l i ca t ions  Research Serv ice  (JPRS). JPRS p u b l i c a t i o n s  may be 
ordered from the  Nat ional  Technical Information Serv ice  (NTIS), 
Sp r ing f i e ld ,  V i rg in i a  22161. The phone number of NTIS is (703-487- 
4600 and telephone o rde r s  are encouraged. Each ind iv idua l  i s s u e  of a 
JPRS r e p o r t  must be ordered separa te ly .  P r i ces  depend on number of 
pages; a r ecen t  i s s u e  of Space Biology and Aerospace Medicine, 
f o r  example, cost $16.00. When order ing,  it is recommended t h a t  t h e  
JPRS number, t i t l e ,  date and author ,  i f  appl icable ,  of pub l i ca t ion  be 
c i ted .  An o rde r  takes 9-30 days t o  arrive. Rush o rde r s  are possible, 
but involve  an a d d i t i o n a l  charge. There is a s i g n i f i c a n t  and v a r i a b l e  
lag per iod between t h e  time a JPRS pub l i ca t ion  i s  completed and t h e  
time it is  orderable  from NTIS. 

Two JPRS USSR Report S e r i e s  appear of p a r t i c u l a r  i n t e r e s t  t o  NASA 
l i f e  s c i e n t i s t s .  These are: 1 )  Space, and 2) Life Sciences:  
Biomedical and Behavioral  Sciences. I n  addi t ion ,  JPRS t r a n s l a t e s  t h e  
e n t i r e  i s s u e  of the  bimonthly Space Biology and Aerospace Medicine. 
A s  a s e r v i c e  t o  our readers w e  w i l l  r egu la r ly  provide pub l i ca t ion  
in fo rma t ion  f o r  t hese  reports and cite t h e  t i t l es  of articles selected 
as p a r t i c u l a r l y  r e l evan t  t o  NASA. Trans l a t ions  of t i t les  are those 
of JPRS. JPRS e n t r i e s  marked w i t h  were previously a b s t r a c t e d  i n  t h i s  
Digest. 

USSR REPORT: LIFE SCIENCES 
BIOMEDICAL AND BEHAVIORAL SCIENCES 

JPRS-UBB-86-0 15 4 AUGUST 1986 

Se lec ted  Contents: 

Assessment of Self-Regulatory Function of Ecosystems 
(V.N. Maksimov, e t  al; Journa l  Article Abstract; 1 page) 

Study of Diurnal Rhythms i n  Man by Spec t ra l  Methods 
(A.A. Sorokin; Journa l  Article Abstract ;  1 page) 

EKG P a t t e r n s  i n  Acute Mountain Sickness  
(M.M. Mirrakhimov, e t  al; Journa l  A r t i c l e  Abs t rac t ;  1 page) 

Autogenic Tra in ing  i n  Treatment of World War I1 I n v a l i d s  
(L.A. Nagorniy, e t  a l ;  Jou rna l  A r t i c l e  Abstract; 1 page) 
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USSR REPORT: LIFE SCIENCES 
BIOMEDICAL AND BEHAVIORAL SCIENCES 

JPRS-UBB-86-018 17 SEPTMEBER 1986 

Selected Contents: 

Bio logica l  Effects of Microwave Radia t ion  
(V.V. Varetskiy,  e t  al.;  Jou rna l  Article Trans l a t ion ;  6 pages) 

Radioactive Aerosols i n  Moscow A i r  and Food i n  1982 and 1983 
(A.S. Zykova, e t  al.;  J o u r n a l  Article Trans l a t ion ;  8 pages) 

USSR REPORT: LIFE SCIENCES 
BIOMEDICAL AND BEHAVIORAL SCIENCES 

JPRS-UBB-86-019 22 SEPTMEBER 1986 

Selected Contents: 

Space Botany Appl ica t ion  of Discovery About Cell Div is ion  
( R .  Akhmetov; Newspaper Article Excerpt;  1 page) 

New Data on I n t e r f e r o n  
(No Author; Newspaper Article Trans l a t ion ;  1 page) 

Aviation Instrument B u i l d e r s  Develop Medical Ins t ruments  
(No Author; Newspaper Article Trans l a t ion ;  1 page) 

Immunological Sequelae of Vib ra t ion  Sickness 
(M.M. Asadullayev; Jou rna l  Article Abstract; 1 page) 

Sov ie t  Discovery of New Cardiac Hormone Aurekuline 
(No Author; Newspaper Article Trans l a t ion ;  1 page) 

D i rec t iona l  Preponderance i n  Experimental  Nystagmus Following Adequate and 
Inadequate Ves t ibu la r  S t i m u l a t i o n  
(M.M. Levashov, e t  a l ;  Jou rna l  Article Abstract; 1 page) 

Treatment of Radiation S ickness  i n  Chernobyl Accident Victims 
(E. Gorbunova; Newspaper Article Excerpt;  2 pages) 

S u c e p t i b l i t y  of Human Lymphocyte Chromosomes t o  Radia t ion  Damage by 6 MeV 
F a s t  E lec t rons  i n  Re la t ion  t o  M i t o t i c  Cycle 
(Ye.Ye. Chebotarev, e t  a l ;  Jou rna l  Article Abstract; 1 page) 

100 



USSR REPORT: LIFE SCIENCES 
BIOMEDICAL AND BEHAVIORAL SCIENCES 

J PRS-UBB-86-020 29 SEPTMEBER 1986 

Se lec t ed  Contents : 

Morphofunctional Changes i n  Ery throcyte  Membranes i n  Certain Extreme 
Condtions 
(V.A.  Odinokova, e t  a l ;  Journal Article Abs t rac t ;  1 page) 

Method of Calculating Thermal Balance of Person i n  Driver's Cabin 
(M.V. Mikhaylov; Journal Article Abstract;  1 page) 

USSR REPORT: LIFE SCIENCES 
BIOMEDICAL AND BEHAVIORAL SCIENCES 

JPRS-UBB-86-0210 30 SEPTMEBER 1986 

Se lec t ed  Contents: 

Change i n  Parameters  of Ci rcadian  Rhythm of Blood L ip id  and Carbohydrate 
Metabolism After Consumption of Alcohol 
( V. P. Latenkov Journal Article Abstract;  1 page) 

Influence of Natural L igh t ing  Condition on Ci rcadian  Rhythms 
( V .  A. Metyukhin; Journal Article Abst rac t ;  1 page0 

USSR REPORT: SPACE 

JPRS-USP-86-000 5 12 SEPTMEBER 1986 

Se lec t ed  Contents: 

Semiannual Oscil lations i n  P lane ta ry  Atmospheres 
( A. M. Kriegel ; Journal Article Abstract;  1 page 

Kirgiz S c i e n t i s t s  Work on "Adaptogen" Medication for  Cosmonaut Adaptation 
( A .  Atymyshev; Newspaper Article Excerpt; 2 pages 1 

Space Experiments wi th  Cotton P lan t s  t o  Continue 
( R .  Shagayev; Newspaper Article Excerpt; 1 page) 

Fourth P a r i n  Lectures on Space Medicine 
(Newspaper Article Translation; 1 page) 

Work on P l a n t  Selection for  Manned Space f l igh t  
(Yurchenko; Article Abst rac t ;  1 page) 

Interview on Medical Program of 237-Day F l i g h t *  
( I n t e r v i e w  Trans l a t ion ;  11 pages) See Digest Issue #5. 

Ultrastructural and Some Phys io logica l  Features of Photosynthe t ic  Apparatus 
of Garden Pea Cu l t iva t ed  f o r  29 Days i n  Salyut-7 Space S t a t i o n  
(A.A.  Aliyev, e t  a l ;  Jou rna l  Article Abs t rac t ;  1 page) 
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In t e rv i ew with Chief of Glavkosmos I n t e r n a t i o n a l  L ia i son  Department 
(Newspaper Article; 4 pages) 

Memorandum Signed on Soviet-French Manned Mission i n  1988 
(Newspaper Article; 1 page) 

Commentary on Soviet-French Cooperat ive Space Programs 
(Yu. Kovalenko; Newspaper Article T r a n s l a t i o n ;  3 pages) 

Feokis tov  Comments on Manned Versus Unmanned Space Research, Fu tu re  Types 
of O r b i t a l  S t a t i o n  
(G. Lomanov; In te rv iew Abs t r ac t ;  1 page) 

Shata lov  Comments on Cosmonaut Missions 
(B. T r i l ;  Article Abs t r ac t ;  1 page) 

Conference on Aviat ion and Cosmonautics Concludes 
(M.  Dmitruk;  Newspaper A r t i c l e  T r a n s l a t i o n ;  2 page) 

Kazakh S c i e n t i s t s  Urge Crea t ion  of Republic Level  Remote Sensing 
Organizat ions 

(U. Sul  tangazin;  Newspaper A r t i c l e  Excerpt ; 1 page) 
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